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THE ROLE OF AMMONIUM, CALCIUM, 
AND ETHYLENE IN THE DEVELOPMENT OF THE 
PHYSIOLOGICAL DISORDER EARLY BUNCH-STEM 
NECROSIS OF VITIS VINIFERA L. C.v. 'CABERNET 
SAUVIGNON' . 
by M. P. D. Parish 
Early bunch-stem necrosis (EBSN) is a physiological disorder which can severely affect 
fruit set in grapevines. Poor set due to EBSN has been responsible for up to 50% crop 
losses in many New Zealand and Californian vineyards. The specific cause(s) of EBSN 
are unclear. Involved researchers presently acknowledge EBSN's correlation with site 
specific stress( es), with most maintaining that EBSN is the grapevines acclimation 
response to a reduced carbon status, with damage symptoms mediated through elevated 
rachis ~ + levels. 
The experiments reported h~~~ investigated the influence of ~N03, ~)2S04, 
CaCh, ethephon, and a.-ketoglutarate treatments on the leaf and opposing inflorescence 
of single node Cabernet Sauvignon (Vitis vinifera L.) cuttings. Results from these 
investigations concluded that: 
• Incubation of cuttings in ethephon concentrations of 0.1 and 1 mM induced significant 
levels ofEBSN. 
• Incubation of cutting in 10, 20, 30 mM ~N03, 5, 10, 15 mM ~)2S04, and 10, 
20,30 mM CaCh induced only 'EBSN-like symptoms'. 
• Incubation of cuttings in 0.1, 1, and 10 mM a-ketoglutarate induced no significant 
reduction in EBSN or EBSN-like symptoms. 
Secondly ethylene production levels by excised grape inflorescences following 
~N03, ~)2S04, CaCh, ethephon, and a-ketoglutarate treatments were 
measured. Conclusions drawn from investigations were that: 
• Incubation of cuttings in 0.1, 1, and 10 mM ethephon significantly increased ethylene 
production by excised grape inflorescences. 
• Incubation of cuttings in ~N03 or ~)2S04 treatments did not significantly 
influence ethylene production by the excised inflorescence. 
• Incubation of cuttings in CaCh treatments did not significantly influence ethylene 
production by the excised inflorescence. 
• Incubation of cuttings in 0.1, 1, and 10 mM a-ketoglutarate treatments significantly 
increased ethylene production by excised grape inflorescences. 
The above conclusions clearly support the involvement of ethylene in the development 
of, and manifestations associated with, EBSN. The involvement ofNHt +, Ca2+, and a-
ketoglutarate however remains unclear. 
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Chapter 1 
Introduction 
Resultant grape 'quality' and 'quantity' are the two most important factors determining the 
success of a vineyard. However the grapegrower may not always wish to obtain the 
highest yield possible as this is often associated with lower grape quality. Nevertheless, an 
inability to obtain an adequate crop can often be financially disastrous (Jackson, 1990). 
The environmental conditions existing during the reproductive development of the vine can 
have a large effect on grape yield (Jackson, 1994). The environmental conditions can affect 
the ability of vines to photo synthesise, absorb mineral nutrients and influences primary and 
secondary growth reserves (Mooney et ai., 1991; Taiz and Zieger" 1991; Keller et ai., 
1995). As the development of the grapevines reproductive organs depends on either 
recently acquired, or previously stored growth substrates, reproductive success is largely 
dependent on the enVironmental conditions throughout reproductive development. In 
addition, sensitivity to the growing environment is accentuated by the reproductive 
structures low sink priority, and linear sequence of development (Mooney et ai., 1991; 
Patrick, 1992). 
From bud-swell until pollination and fertilisation, four important events may occur in the 
vine which reduce yield significantly. These are; 
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• early inflorescence drop, 
• filage, 
• poor set, and 
• early bunch stem necrosis (EBSN), 
all of which appear to be largely determined by pre-existing environmental conditions 
(Jackson, 1994). 
In recent growing seasons (1987/88 and 1990/91) reductions in the potential yield of 
many New Zealand vineyards has been attributed to the high incidence of EBSN, a 
disorder often associated with cooler climates (Jordan, 1989, Coombe and Dry, 1992a; 
Jackson, 1995 pers. comm.). Consequently EBSN has received considerable research 
attention since this time in New Zealand and Overseas. 
To date,despite intense research focus, the specific cause(s) of EBSN remain unclear. 
EBSN's relationship to site specific stresses (Jackson and Coombe, 1988a, b, c), 
exogenous NH/ salt application (Jackson and Coombe, 1988a, b; Jordan, 1989; Gu et 
ai., 1994), elevated rachis tissue NH/ levels (Jackson and Lombard, 1989 unpub.; 
Jordan, 1989, Gu et al., 1994), and glutamine synthtase activity (Jordan, 1989; Keller 
and Koblet, 1994, 1995; Gu et ai., 1994), give support to the hypothesis that EBSN is 
the grapevines acclimation response to a reduced vine carbon status. Due to this 
disruption of the vines carbon to nitrogen ratio, it is proposed that ~ + accumulates in 
the rachis tissue due to ~ + detoxification processes being carbon limited. Ammonium 
is therefore suggested to be the cause ofEBSN symptoms (Jackson and Lombard, 1989 
unpub.; Jordan, 1989, Gu et ai., 1994). 
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The fact that EBSN has been induced by the exogenous application of ethylene in the 
form of ethephon (Jackson, 1991), or the development ofEBSN-like symptoms induced 
with the exogenous application of Ca2+ salts (Jackson and Coombe, 1988a, b) however 
has not been accounted for. 
It is therefore the intention of the following research program to assesses the possibility 
that with some form of environmental or cultural stress, a low carbon to nitrogen ratio 
results in the vine. This disruption in the vines carbon status promotes the accumulation 
of rachis tissue ~ +, which in turn instigates rapid biosynthesis of ethylene. In this 
proposed pathway ethylene is suggested to be the mechanism of damage which causes 
the manifestations observed with EBSN incidence. The proposed pathway is shown 
below in figure 1. 1. 
Environmental or Cultural Stress( es) 
1 
Ra:\t.I.(.\'on • of Vines Carbon: Nitrogen Ratio 
1 
Ammonium Accumulation 
1 
Ethylene Biosynthesis 
1 
EBSN 
Figure 1.1. Proposed pathway for the development and manifestations associated 
with EBSN incidence. 
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The following research program aims to assess the validity of this proposed pathway by: 
1. Determining whether ~ + and ethephon treatments induce EBSN. 
2. Determining whether elevated ~+ tissue levels and low vine carbon status are 
related events. 
3. Determining whether elevated rachis tissue ~ + levels and ethylene biosynthesis are 
related events. 
4. Determining whether low vine carbon status and ethylene biosynthesis are related 
events. 
In addition a qualitative scoring system to indicate EBSN is evaluated, which also allows 
for the detailed documentation of ~N03, (N14)2S04, CaCb, and ethephon treatment 
effects on one node cuttings. 
5 
Chapter 2 
Literature Review 
2.0 Introduction 
Wild Vitis vinifera L. is a vigorous climbing plant of deciduous forests. Vigour, 
-''l \ floriferousness, regenerative capacity, stress tolerance, and longevity are its common 
traits. Like most plants the grapevine has a predictable cycle of growth, however the 
origin and development of its reproductive parts to aid in this life-cycle are complex. 
Environmental stresses exert their influences on this growth cycle by limiting the 
substrates necessary for development and survival, as prescribed by the grapevines 
genetic make-up. Before fruit-set, environmental stress(es) initiate the diversion of pre-
existing and recently acquired growth substrates away from the reproductive structures 
to essential organs for long term survival, namely the shoots and roots. This diversion of 
essential growth substrates has important consequences for reproductive success and 
ultimately yield. 
The following review looks at this dynamic situation in addition to acknowledging that 
elevated levels of ammonium and ethylene regularly accompany environmental stress, 
prior to, and during the flowering period. 
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2.1 Flowering in Viti.,' vinifera L. 
The events in the vegetative and reproductive life-cycle of the grapevine are illustrated in 
the following diagram. 
SPRING I SUMMER AUTUMN WINTER -
Be D ~ F G !i I I I I I A I J 1 I 
I I I I ! 1 , , 
Inflo,.~c.nc. ~nlll.lIon , d ..... opmen'l I \ , 
I - - - - -- - - -, 
REPRODUCTIVE - - I - - -- - - - - - - - - - - - -
I i 
.. ;"I"on 1 I 
I 
I I _"il I I - I I flowtr deyeiopment flowering bury orowth ,Ipenln 
: I I i r : 
halv •• t 
I I , 1 I 
AUG 5EP I OCT I NOV I DEC I JAN FED ",An I APn : MAY JUN i JUL 
" 
Figure 2.1. (Above) Reproductive growth events in the grapevine in relation to the 
months of the year (southern hemisphere). The cycle begins at the circle and ends at the 
rectangle. The letters A to J documented on the top diagram refer to the developmental 
stages of the grapevine (key to letters A to J documented below) (Adapted from 
Coombe and Dry, 1988 P 141 and 142) 
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A. Winter Bud: Main bud in the winter dormant state covered with two protective scales. 
B. Budswell or wooley bud: the scales are separating as the bud swells revealing brown woolly hairs. 
C. Green tips: The bud swells further showing the tip of the young green shoot. 
D. Leaf emergence: A rosette of young leaves appears. The scales and wool are still obvious. 
E. Leaf unfolding: The shoot becomes clear and the first leaf blades are completely free. Varietal 
characteristics are evident. 
F. Inflorescence visible: The inflorescence primordia becomes visible at the shoot tip. Four to six leaves 
are unfolded. 
G. Inflorescence separated: The inflorescences grow and enlarge but the flowers are still clumped. 
H. Flowers separated: The inflorescence attains its typical form and individual un-open flowers 
separate. The drawing shows single flowers from the top and side. 
I. Flowering: Calyptras (caps) fall and expose the ovary and five stamens. 
J. Setting: Ovaries which have set commence growth but dried stamens still adhere. The new berries 
already display some varietal characteristics. 
A discussion of various aspects of figure 2.1 follows, detailing III particular the 
reproductive sequence of Vitis vinifera L. 
2.1.1 Origin of the Prompt, Lateral, and Latent Buds 
The first processes leading to flowering occur in the prior season. In the axils of the 
leaves, zones of meristematic tissue develop into the prompt and compound buds 
(Jackson, 1994). The prompt bud (prompt bourgeon) gives way to the growth of the 
summer lateral (entre coeur) which suffers corrective inhibition in the Autumn or Winter, 
~!J-\. 
and l~scises to leave a prominent scar (cicatrice) (Srinivasan and Mullins, 1981). It is 
generally accepted that the first leaf of the summer lateral is reduced to a bract 
(prophyll). From the axils of this prophyll the first growing point of the compound bud 
develops, namely the latent bud, or primary latent bud (Srinivasan and Mullins, 1981; 
Mullins et al., 1992). 
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The apex of the primary latent bud then proceeds to produce two more bracts before 
producing leaf primordia. In the axils of these two bracts develop the secondary and 
tertiary latent buds. The secondary and tertiary buds remain small, and seldom contain 
inflorescence primordia. Their development is triggered by the death of the primary 
latent bud, e.g. following a frost (Pongracz, 1978; Srinivasan and Mullins, 1981; Mullins 
et aI., 1992). 
Before winter dormancy the latent bud has developed 6-10 leaf primordia, and up to 3 
inflorescence primordia ( cultivar dependant) (Srinivasan and Mullins, 1981; Mullins et 
ai., 1992). 
2.1.2 Anlagen Formation 
Formation of the anlage (uncommitted primordia) is often referred to as inflorescence 
initiation or inflorescence axis formation. It is considered the earliest indication of 
reproductive growth Whether these buds form shoot, tendril, or inflorescence primordia 
depends on the direction the anlage structure is motioned (Srinivasan and Mullins, 1981). 
The external environmental factors which promote flowering are; short term exposure to 
high temperature, high light intensity, optimum soil moisture, and optimum soil 
macro nutrients (Jackson and Sweet, 1972; Srinivasan and Mullins, 1981; Mullins et aI., 
1992). Plant genetics ( cultivar differences) and plant health considerations 
(environmental stress) can partly explain the development direction of the anlage, 
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however there is evidence that hormones are likely to signal the development direction of 
the anlage, induced by environmental/genetic events (Jackson, 1994). It is therefore 
suggested that these external environmental factors exert their influence on flowering by 
modifying the internal chemical make-up of the plant, particularly the balance of 
Sfv\o.l\ 
endogenous hormones (Srinivasan and Mullins, 1981). However due to theLsize of the 
organs of interest, extraction and estimation of the phytohormones under review proves 
technically difficult. This has lead to the majority of conclusions being based on the 
effects of exogenously applied hormones and plant growth regulators (pGR) (Srinivasan 
and Mullins, 1981). 
The concept of a single trigger for flowering (e.g. florigen) is now considered 
inappropriate, as inflorescence formation is regulated at two levels, namely: 
) \ ( 
1. the formation of the anlage, and 
2. the differentiation of the anlage. 
/ 
One present theory proposes that anlage formation is regulated byqibberellic Acid 
v 
(GA), with cytokinin (CK) regulating anlage branching. Inhibition of flowering is 
speculated to be due to GA directing the anlage to form tendrils. It is suggested that CK 
may be associated with the partitioning of assimilates to the inflorescence structure 
(Charlakhyan, 1977; Mullins et al., 1992). 
Alternatively Jackson (1994) proposed following research by Palmo. and Jackson 
(1989), that the ratio of auxin to GA is the determining factor regarding vine fruitfulness. 
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A high ratio of auxin to GA favours inflorescence development, as opposed to a low 
ratio, which favours vegetative development. 
1 Shoot formation from the anlage is rare, compared to tendril and inflorescence 
formation. One noted characteristic of Vilis is that tendrils and inflorescences are 
homologous organs, both arising from the same anlage. Tendrils are generally regarded 
as vegetative appendages which are used to provide support for climbing. However in 
grapevines tendrils are also regarded as potential reproductive organs (Mullins et al., 
1992). 
Anlagen that undergo repetitive branching give nse to inflorescence primordia, as 
opposed to tendril primordia which arise from anlagen that produce only two or three 
branches (Mullins et al., 1992). Inflorescence primordia development involves the inner 
arm of the anlage dividing to produce several globular branch primordia, which give rise 
to the main body of the inflorescence. The outer arm branches less extensively, thus 
developing into the lower branch of the inflorescence. The branch primordia of the inner 
and outer arms then give rise to branch primordia of the second and third order. It is the 
degree of branching of the inner arm which gives the inflorescence primordia a conical 
shape. After the formation of 1-3 inflorescence primordia the latent bud enters dormancy 
(Mullins et al., 1992). 
Shortly before bud burst further differentiation of the inflorescence primordia occurs. 
Each branch primordium of the inflorescence divides many times before ultimately 
forming the flower initials (Srinivasan and Mullins, 1981). Development of sepals, petals, 
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stamens, and pistils occurs one after another, as opposed to synchronistically (Srinivasan 
and Mullins, 1981). 
The flower is attached to a short stalk, the pedicel, which is thicker at the top and forms 
a low rim around the base of the flower. The calyx encloses the other floral parts during 
this early development and is usually made up of five sepals which stop growth soon 
after the cluster appears. The corolla (cap or calyptra) usually consists of five greenish 
petals which are firmly united at the top, this leads to the cNolla 'b~''''3 shed 
as a little cap at the time of anthesis. The open flower shows the male and female 
organs, the stamens ands~':J\~s respectively. Each stamen is made up of a 
filament, with an anther at the tip (Pongracz, 1978). 
2.1.3 Budburst to Fruit Set 
When the mean daily temperature in spring reaches approximately 10 °Cl the bud begins 
to swell and green shoots emerge, this is known as bud-burst. These green shoots then 
grow rapidly in length, and thicken, while leaves, tendrils, clusters, and new buds in the 
leafaxils develop rapidly. Approximately 8 weeks later (environment dependant) 
blooming occurs (Weaver, 1976). 
Anthesis (capfall or bloom) is denoted as the period in which the caps fall from the 
flowers. This phenomena is known to occur for several days over a vineyard, vine, and 
1 This figure has come under review, see Moncur et al. (1989) for further information. 
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an individual cluster. Full bloom is considered by growers as the time when half of the 
caps have fallen (Weaver, 1976). 
Removal of the cap results in the release of pollen from the anthers. If conditions prove 
favourable pollen grains fall on the stigmas and germinate. This consequently leads to the 
formation of a pollen tube which grows down the style into the embryo sac, thereby 
I'\UC\0 
serving as a pathway by which two spermlreach the embryo sac. One r:\Uc\eus then unites 
with the egg cell to form the zygote from which the plant embryo develops (Weaver, 
1976). 
Temperature is the most limiting factor in relation to germination and the growth of the 
pollen tube. Also rain has a negative effect in that it dilutes the stigmatic fluid to varying 
degrees, thereby reducing the percentage of successful germination's. In pure water 
pollen grain are known to swell and burst (Winkler et aI., 1974). 
Most grapevine cultivars are highly floriferous. Inflorescences form at most nodes along 
the cane, with each cultivars latent bud containing up to 3 inflorescences. These 
individual inflorescences may produce up to a thousand flowers. Potentially this may 
rro.u k 
result in a large number of fruit arising. . each node ofLcane. However, of these flowers, 
70-80% normally will not develop into mature fruits, as they shrivel and drop off 
(Mullins et ai., 1992). The remaining 20-30% usually then undergo development from 
flowers into fruit, (Mullins et ai., 1992). 
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2.2 Effect of Abiotic Stresses Budburst to Bloom 
Since reproductive organs are constructed from growth substrates either recently 
acquired, or previously stored by the vegetative parts, any environmental stress that 
affects the plants vegetative parts ultimately affects reproduction. Despite this 
relationship between vegetative and reproductive growth, it is reproduction that is 
usually more sensitive to environmental stress • 
. Therefore)stress at any point can affect reproductive development at that 
particular stage as well as later (Mooney et al., 1991). 
Stress factors primarily affect the vines carbon fixation and mineral uptake abilities and 
thus its reproductive potential (Mooney et al., 1991; Taiz and Zeiger, 1991). 
Consequently environmental stresses are a major limiting factor to 
horticultural/agricultural plant productivity (Cherry, 1989). 
2.2.1 Responses of Plants to Stress Budburst to Bloom 
Responses to environmental stress either start quickly, or are initiated after intervals of 
hours or days. Where a direct response occurs, stress-induced changes in the system 
input and output can signal the system to initiate an acclimation response. A mediated 
response is often observed where the plants acclimate to the stress event via responses 
mediated through gene expression and biochemistry. Consequently a new system input 
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and output results from the stress (Mooney et aI., 1991). Early responses are likely to be 
rapid direct responses for immediate survival. These responses drain immediate resources 
and as such are short lived. Compensatory responses that are mediated by the 
development of new physiological capabilities and new plant morphologies are more 
likely to be effective in restoring near-normal plant functions (Mooney et aI., 1991). 
2.2.2 Primary Plant Responses to Carbon Fixation Stress 
A plants ability to accumulate assimilated carbon is a function of its photosynthetic 
capacity and the pattern of carbon distribution among its parts, both of which appear to 
be genetically determined (Mooney et aI., 1991). In nature this capacity also depends on 
the plants ability to maintain dry matter accumulation even when stressed. However, 
most plants fall short of their full genetic potential due to environmental stress (Mooney 
et aI., 1991). This is due to the fact that all of the processes of carbon gain and loss can 
be influenced by stress (Alscher and Cumming, 1990). 
A) Internal Carbon Redistribution 
Allocation plays several important roles in the integration of a plants response to stress. 
This includes maintaining phloem translocation and channeling carbon from not only 
recently assimilated carbon, but also from mobilisation of previously stored reserves 
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(Mooney et aI., 1991). Distribution between plant organs . during the growing season 
is dynamic, with continuous changes between net importing ( sinks) and net exporting 
(sources) organs (Baker, 1989). Therefore during plant development, the supply of 
metabolites for growth and differentiation originates from various parts of the plant, 
likewise the need for various metabolites will change as the plant parts grow, mature, 
and senesce. 
Prior to the transition from predominantly vegetative to reproductive growth, young 
leaves and roots compete for assimilates, . 
, The inflorescence) at this time, has a low sink 
priority, as vme vegetative parts _ essential for long term survival, and are 
consequently more dominant. It is not until 70% capfall that inflorescence sink strength 
increases (Keller and Koblet, 1994). Once the fruit set occurs, the additional demand for 
lo~ (7,-~~1 kb 
assimilatesLcan affect dry matter<i\\Oc.~-h~1A (Baker et aI, 1989). Consequently 
low carbon availability due to stress in addition to low sink priority has important 
ramifications for inflorescence development post bud-burst. 
B) Regulation of Partitioning - sink/source communication 
Assimilate partitioning can be regulated at several sites within the plant. It must be noted 
though that regulation occurring in one part of the plant is not isolated from other parts 
of the plant. Therefore consideration of the integrated system is essential to interpret 
specific site regulation phenomena (Daie, 1985). 
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Hormonal 
"Plants are highly integrated orgamsms requmng signal transmission and regulatory 
communication among their parts" (Daie, 1985 p. 91). The nature of such signals is not 
rC2.C;pO"5e 
known, tt;,e L may be a discrete entity or the combined results of several physiological 
processes. Two main hypothesis stand to date: 
1. The first hypothesis is based on turgor pressure in the phloem. According to the 
hypothesis, a sink induced reduction in turgor pressure at the site of loading will 
enhance loading and thereby facilitate assimilate movement toward sites of unloading 
(Daie, 1985). 
2. Hormonal regulation of assimilate partitioning is the second hypothesis proposed. 
Plant growth regulators are involved in all aspects of growth and differentiation and 
therefore may play a key role in sink strength. In addition to their effect on sink 
survival, PGR's also exert a mobilising influence (Daie, 1985). 
Environmental 
Environmental factors influence carbon partitioning in a wide variety of direct and 
indirect ways. It has been documented that environmental stress can affect the 
source/sink balance, thereby causing biomass production to be sink limited (Patrick, 
1992). In short the most important factors affecting regulation are water, light, and 
temperature. 
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2.2.3 Primary Plant Responses to Mineral Stress 
Nutrient availability is one of the major limiting environmental determinants of 
productivity in natural and horticultural/agricultural ecosystems. Problems arise with 
either excesses or deficiencies (Tesar, 1984). Nutrient availability is a function of the 
nutrient content and weathering rate of parent material, but this relationship can be 
strongly altered by the environment. Around one quarter of the world soils are known to 
cause mineral stress to plants (Tesar, 1984). Often) however) mineral deficiency is 
secondary to ~_ . water deficit. 
It is accepted that the limitation of the mineral nutrient supply often limits growth of 
stressed plants. Plants responses to mineral stress are quite predictable. Response 
involve compensatory changes in allocation to maximise acquisition of the resources 
that most directly limit growth2 (Mooney et aI., 1991; Keller and Koblet, 1995a). 
Nutrient stressed plants therefore increase carbon allocation to the roots at the expense 
of the upper vegetative and reproductive structures (Mooney et aI., 1991). 
Nutrients enter the plant in aqueous solution, consequently the interaction between water 
and mineral stress has been studied in detail. It however is noted that moderate nutrient 
stress reduces the susceptibility of plants to other stresses. Plants undergoing rapid 
growth due to high nutrient availability are generally more susceptible to frost and water 
stress than are plants which are nutrient limited (Mooney et aI., 1991). 
2 Optimum resource allocation hypothesis, for further information see Keller and Koblet (1995a). 
. ".' - '~.' 
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2.2.4 Stress Effects on Plant Growth Reserves 
While initial growth of the grapevine is supported by the remobilisation of carbon and 
nitrogen from the vines permanent parts, these reserves are limited (Wermelinger, 1991). 
In ideal conditions, acquisition of carbon and nitrogen supplements these reserves until 
the vine reaches a net accumulating stage. However environmental stress reduces the 
vines ability to fix carbon and uptake nutrients (Mooney et aI., 1991). Consequently the 
depletion of pre-existing reserves is rapid (Keller et al., 1995). 
To maintain growth , for long term survival the vine must therefore call 
on its secondary reserves such as proteins and lipids to supplement the energy and 
substrate requirements for survival (Barker and Corey, 1991; Feng and Barker, 1993). 
Higher rates of de-anitnation/hydrolysis of these molecules occurs in plants under stress, 
primarily to supply the Tricarboxylic Acid Cycle (TCA cycle) (Srinivasan and Sigh, 
1987; Jordan, 1989). However it has been reported that the breakdown of these proteins 
and lipids under stressed conditions results in elevated cellular ~ + levels (Barker and 
Corey, 1991; Feng and Barker, 1993; Keller and Koblet, 1995b). 
There are many explanations for this response. Ie ~ .. \aCQ'" "'~~e~ 
insufficient carbon available to maintain plant growth and 
'I~ 
thatlthere is 
, ~ + assimilation the breakdown of 
~ t!lCG(.V" 
secondary reservesl.pordan, 1989, Barker and Corey, 1991; Feng and Barker, 1993). It is 
also acknowledged that a-ketoglutarate supply is reduced when the TCA cycle activity is 
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restricted by stress (Jordan, 1989). This issue will be discussed in further detail later (see 
section 3.5.4). 
2.3 Ammonium Toxicity 
o.te.. 
Elevated levels of tissue ammonium3 widely reported in plants under environmental 
stress (Rabe, 1990; Feng and Barker 1992a, b, c; Raab and Terry, 1994). Plant 
tolerances to increased tissue ammonium levels vary, with the majority of species 
reacting adversely (Goyal and Huffacker, 1984). Plants responses to NH/ toxicity are 
numerous, ranging from the inhibition of carbon fixation through to severe tissue 
necrosis (Goyal and Huffacker, 1984). However the actual causes of toxicity are not well 
understood. 
2.3.1 Ammonium Source 
In plants expressing symptoms of ammonium toxicity, it is estimated that 60 % of the 
accumulated N& + under stressed conditions is derived from internal sources, with only 
40 % gained from external solution (Barker and Corey, 1991). 
3 For convenience, the term "ammonium" or "~+,, is used throughout this throughout this review to 
denote the ammonia and ammonium ion, without attempting to distinguish between the two forms. 
Note: aqueous ammonia and ammonium are in chemical equilibrium within tissue solutions. 
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Nitrogen is absorbed by grapevines in the form ofNH/ and/or N03- (Runge, 1983). In 
most soils N03 - is the most abundant form, although in acid soils NH4 + predominates due 
to nitrification inhibition (Pilbeam and Kirkby, 1992). 
In addition to N03 - assimilation and direct ~ + uptake from the soil, ~ + can be 
derived intracellulady from various reactions, the most important being: 
• The Urea Cycle 
• De-arnirtation 
• Protein Degradation 
• Amide Hydrolysis 
• Photorespiration (glycine decarboxylation) 
(Srinivasan and Singh, 1987; Jordan, 1989; Kalliopi and Roubelakis, 1991) 
2.3.2 Nitrate and Ammonium Uptake 
A specific active uptake system has been established for N03-. In short the uptake of 
N03 - is accompanied either by the uptake of a monovalent cation or the release of an 
Off equivalent (Runge, 1983; Pilbeam and Kirkby, 1992). 
In the case of ~ + uptake, a concentration dependant uptake pattern has been 
established (Runge, 1983). Here ~+ uptake is accompanied by the release of an H+ 
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equivalent, or the uptake of a monovalent cation (Pilbeam and Kirkby, 1992). Debate 
still exists over the possibility that the NRt + is de-protonated prior to transport across the 
plasmalemma (Mengal and Kirkby, 1982; Pilbeam and Kirkby, 1992). 
Following the uptake of N03-, assimilation either occurs in the root or following 
transport to the shoot. This process known as 'assimilatory nitrate reduction' results in 
N03 - being converted to NRt + via the following reaction. 
This energy demanding process (LUI = -83 Kcal) 1S mediated by two enzymes, 
namely; 
1. Nitrate Reductase, and 
2. Nitrite Reductase, 
which operate sequentially (Lewis, 1986). 
-'":. 
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2.3.3 Ammonium Assimilation 
Assimilation of ~ + into amino acids is the main defensive mechanism by which plants 
prevent ~ + accumulation to toxic levels (detoxification) (Gu et aI., 1996). Assimilation 
processes rapidly follow the uptake of both N03 - and ~ + from the soil, and ~ + 
release from intracellular reactions (Jordan, 1989). 
The assimilation of Nl4 + primarily proceeds via the Glutamine Synth"ase/Glutamate 
Synthase (GS/GOGAT) pathway in higher plants (Lang et aI., 1983; Lea and Blackwell, 
1993; Raab and Terry, 1994). Minor levels of assimilation may be achieved by the 
Glutamate Dehydrogenase (GDH) and Carbamylphosphate (CPS) pathways. The enzyme 
GDH is receiving considerable attention and comparative levels of controversy as to its 
role in the assimilation ofNH/ in stressed higher plants (Oaks et aI., 1991; Lea et at., 
1992) and in particular V. vinifera L. c.v. 'Pinot Noir' (Gu et aI., 1994). 
The GS/GOGAT pathway operates as follows: 
1. Glutamine Synthetase 
L-glutamate + ATP + NH3 L-glutamine + ADP + Pi + H20 
,,-'-, ,-. 
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2. Glutamate Synthase (ferredoxin dependant) 
L-glutamine + a-ketoglutarate + ferredoxin (red) 
-----.. 2 L-glutamate + ferredoxin (ox) 
3. NAD(P) H-dependant 
L-glutamine + a-ketoglutarate + NAD(P)H2 2 L-glutamate + NAD(P) 
The three steps in the glutamate synthase cycle or 'primary assimilation pathway' are 
illustrated in figure 2.2. 
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e.o , 
eOOl1 
2-0XOC;LUTARATE 
NAD(I ')fl 
/' 
~ GLlITAiv\ATE 
Figure 2.2. The Glutamate Synthase Cycle (Source: Lea et aI., 1992) 
The GDH pathway is as follows: 
L-glutamate + H20 =NAD(P) a-ketoglutarate + NH3 + NAD(P)H2 
(Jordan, 1989; Lea et aI., 1992) 
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Glutamine can be utilised by a widespread variety of enzymes, which allows the 
distribution of the nitrogen f<tm glutamine into other compounds, Although as seen in 
!r, .'-
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figure 2.3 glutamate is more readily utilised in amino acid synthesis than glutamine (Joy, 
1988). 
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Ammonium assimilation pathways and nitrogen redistribution In plants 
(Source: Jordan, 1989 p. 17). 
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2.3.4 Ammonium Assimilation Regulation 
Mechanisms reported to have a regulatory effect on glutamine synthetase activity, are; 
1. nitrogen supply to the cells, 
2. divalent cation a~\\o..~"'\~ 
3. glutamine end product feedback inhibition, and 
4. energy charge. 
Glutamate synthase is noted for its similarities in regulation (Jordan, 1989). 
In stressed conditions carbohydrate supply is reported to be an assimilation limiting 
factor. Alpha-ketoglutarate (KG) is the primarily carbon substrate for glutamate 
synthesis (Jordan, 1989). In the pathway GS produces substantial amounts of glutamine, 
which requires equally large amounts of KG (derived from glycolysis and mitochondrial 
respiration ofphotosynthate) (Raab and Terry, 1994). Due to this dependence on supply 
of both reducing equivalents and carbon skeletons, assimilation can be limited. Thus key 
metabolites involved in glycolysis (glucose-6-phosphate [Glc6P], glucose), the TeA 
cycle (malate and KG), and the oxidative pentose phosphate pathway [Glc6P] may also 
regulate the activities ofGS (and GOGAT) in vivo (Fricke, 1993). 
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2.3.5 Detoxification 
Plants posses mechanisms which not only mediate normal rates of assimilation in the 
presence of non-toxic amounts of NH/, but also permit the disposal of elevated levels of 
NH/ (Givan, 1978). In many cases plants may detoxifY excessive NH/ by simply 
accelerating their assimilatory rate. In other cases the assimilation pathway(s) may be 
supplemented by additional ~ + utilising reactions, initiated only at the time the plant is 
subjected to excessive levels of~ +. 
Four processes have been suggested as secondary means of detoxifYing N& +, namely; 
• protein/amino acid synthesis, 
• amide synthesis, 
• polyamine synthesis, and 
• protein accumulation by the chloroplast 
Accumulation of proteins such as arginine, proline, lysine, and serine in plants under 
stress are well reported (Rabe, 1990; Gu et aI., 1994). 
The involvement of amides as key elements in ammonium detoxification is widely 
accepted. Amide accumulation is known to be especially pronounced when a plant has to 
detoxifY large amounts of~+. However amide synthesis is dependant on carbohydrate 
substrates, or ATP. Obviously this infers consequences for environmentally stressed 
plants (Given, 1978; Rabe, 1990). 
28 
Polyamine accumulation is a response of plants to various environmental stresses. It is 
now viewed that putrescine biosynthesis may be a metabolic extension of assimilation 
processes (Rabe, 1990; Feng and Barker, 1993). 
Raab and Terry (1994) found that chloroplast's accumulate huge amounts of protein 
from amino acids exported from the root via the xylem in excess N situations, 
particularly during NH4 + uptake. 
2.4 Effects of Abiotic Stresses on Plant Hormone Systems 
Environmental stresses impact on the plant hormone system. In some cases stress alters 
the levels of specific hormones or the plants sensitivity to them. These changes often 
correlate with altered plant behaviour, especialIy prior to, and during flowering. Table 
2.1 summarises the effect of environmental stress on the levels of several plant 
hormones. 
Drought Salt Flooding Heat OJld Chilling Low NIP Shading 
ABA t t t 1 1 t t I 
CKs ! ! ! ! ! ! 
GAs ! ! ! 
lAA ! t 
Table 2.1. Summary of effects of abiotic stresses on levels of several plant hormones 
(Source: Alscher and Cumming, 1990 p. 135) 
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Stimulation of ethylene production is a common response to stress. Changes In 
endogenous levels of ethylene production is suggested to be part of the acclimation 
process that plants develop to cope with changes in other plant hormones under stressed 
conditions. Elevated endogenous ethylene levels are often observed in relation to 
senescence and abscission of leaves, flowers, and fruits (Alscher and Cumming, 1990). 
2.5 Ethylene 
As mentioned the plant hormone ethylene is involved in many phenomena of growth, 
development and senescence (Yu and Yang, 1980). The ethylene molecule consists of 2 
carbon atoms and four hydrogen atoms covalently bonded to form an 'unsaturated 
hydrocarbon' (Lieberman, 1979). Ethylene differs from other plant hormones in the fact 
that it is a gas at physiological temperatures and pressures (Burg, 1962). 
2.5.1 Ethylene Biosynthesis 
r 
Ethylene is synthesised from the ammo acid methionine (see figure 2.4). Ethylene 
4-
originates from the C3 and C4 positions of the methionine molecule, with the remaining 
CH3S group being retained by the plant tissue for recycling (Roberts and Hooley, 1988). 
This recycling mechanism enables plant cells to sustain a steady rate of ethylene 
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production even when their endogenous levels of methionine are low, which is common 
(Spencer, 1969; Lucas, 1994). 
Figure 2.4. 
NH3+ 
I 
CH3-S-CHr CHr CH-COO-
Chemical structure of Methionine 
/) // 
/'" 
7 
The recycling of the CH3S group occurs via the molecule S-kdenosylmethionine (SAM), 
/ 
which then fragments to form Methylthioadenosine (MTA). MTA is then rapidly 
hydrolysed to Methylthioriboside (MTR), which is then converted to methionine to 
complete the cycle (Moore, 1979; Lucas, 1994). 
The synthesis of ethylene begins with the intermediate molecule SAM. S-
adenosylmethionine then fragments into another molecule termed l-Aminocyclopropane-
I-Carboxylic Acid (ACC). l-Aminocyclopropane-l-carboxylic acid is then converted to 
ethylene (Adams and Yang, 1979). In addition to the conversion of ACC to ethylene, 
ACC has been demonstrated to be metabolised to form the non-volatile compound N-
Malonyl-ACC (MACC). It appears that MACC is pronounced if ACC levels in the plant 
tissue are too high (Knee, 1985). 
S2Adenosyimethionine conversion to ACC, or MT A is catalysed by the enzyme ACC 
synthase (McKeon and Yang, 1987). The conversion of ACC to ethylene is carried out 
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by the oxidate enzyme known as the Ethylene Forming Enzyme (EFE) (McKeon and 
Yang, 1987; Mattoo and White, 1991). The SAM to ACC, or MTA conversion is 
catalysed by the enzyme ACC synthase. This step is regarded as the rate limiting step due 
to SAM also being a precursor for the synthesis of the two major regulatory polyamines, 
spermine and spermidine (Mattoo and White, 1991; Lucas. 1994). 
Methionine 
! 
SAM 
SAM decarboxylase ACC synthase 
Spermidine ACC 
/ 
Spermine Ethylene 
Figure 2.5. Biosynthetic pathways involving S-adenosylmethionine (SAM) (Adapted 
from Leshem et aI., 1986) 
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2.5.2 Regulation of Ethylene Biosynthesis 
The production of ethylene in plants is regulated by a number of factors, the most 
important factors being; 
• the amount of SAM synthase present, • oxygen, 
• the amount of ACC synthase present, • stress, 
• temperature, • disease, 
• light, • plant hormones, and 
• carbon dioxide, • carbohydrates. 
2.5.3 Physiological Disorders Induced by Ethylene 
Depending on when and where ethylene occurs, it may be· beneficial or harmful to 
harvested horticultural crops (Yang, 1985). The specific effects of ethylene on plant 
'nO(~~\" 
growth and development are voluminous. Examples of L effects on inflorescence 
development often observed are: 
• wilting and abscission of cut flowers 
• collapse of mesophyll cells 
• bud riecrosis 
• flower bud abscission/wilting 
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• flower senescence 
(Yang, 1985) 
However the mechanism by which ethylene promotes these processes remains unknown 
(Kader, 1985). Lieberman (1979) suspects that ethylene's action, particularly in regards 
to senescence processes, is associated with interactions of auxins, gibberellins, 
cytokinins, and abscisic acid. 
2.5.4 Ammonium and Ethylene 
Experimental observations suggest that plants respond to stress by changing their 
hormonal balance (Chapin, 1991). Plants subjected to environmental stresses often 
develop similar symptoms, regardless of the source of stress. Common expressions of 
plant responses to environmental stresses are; leaf necrosis, necrosis, epinasty, and other 
foliar malformations (Barker and Corey, 1991). 
Elevated rates of ethylene evolution in plants subjected to environmental stresses are 
accompanied by stress symptoms similar to those of NH/ (Feng and Barker, 1992a). 
Research by Feng and Barker (1992a, b, c) indicates that plants with elevated ethylene 
production have higher NRt + accumulation, suggesting that enhanced ethylene evolution 
is a consequence of accumulated NRt + by stressed plants. This relationship between 
NRt + and ethylene is suggested to promote the development of many physiological 
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disorders as illustrated in figure 2.6 below (Feng and Barker, 1992a, b, c; Feng and 
Barker, 1993). 
Environmental Stress 
1 
Ammonium Accumulation 
1 
Ethylene Biosynthesis 
1 
Physiological Disorder 
Figure 2.6. Proposed mechanism for expression of physiological disorders initiated by 
environmental stress and mediated by ammonium accumulation and ethylene biosynthesis 
(Adapted from Barker and Corey, 1991). 
It has been suggested by Feng and Barker (1993) that there is a possible pathway link 
between ~ + and ethylene via the common precursor methionine. Methionine is the 
precursor for both the enzymatic production of ethylene and polyamine synthesis. 
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2.6 Physiological Factors Affecting InflorescencelFlower and Fruit Development 
in Grapevines 
B'etween the time of bud-burst and fruit-set vv..o."'j to...c~tS CA.",-
, crop yield •. 
• Early inflorescence drop, 
• Filage, 
• EBSN, and 
• Poor Set. 
These will be discussed in the subsequent chapter (section 3.3). 
Chapter 3 
Early Bunch-Stem Necrosis - a physiological disorder 
affecting yield in grapes 
3.0 Introduction 
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Early bunch-stem necrosis (EBSN) is a physiological disorder which adversely affects 
fruit set in grapevines. Described first in 1988, since this time EBSN has been subject to 
intense research focus in New Zealand, Australia, California, and Switzerland. EBSN has 
been reported to be responsible for upwards of 50 % crop loss in many New Zealand and 
Californian vineyards. 
Early bunch-stem necrosis's correlation with site specific stress(es), and the exogenous 
application of NH. + salts, Ca2+ saits, and ethephon has resulted in involved parties 
maintaining one of two hypotheses; 
1. That EBSN is the grapevines reaction to a low carbon status, with damage symptoms 
associated with elevated cellular ammonium levels. 
2. That EBSN is the grapevines reaction to elevated endogenous ethylene levels. 
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The following reVIew will focus on the research that has lead to these proposed 
hypotheses, following the documentation of EBSN symptoms, related disorders, and •. , •.. 
distribution. 
3.1 Symptoms 
Early bunch-stem necrosis was first described (at least in English) by Jackson and 
Coombe (1988a) following initial observation in the early 1980's. A physiological 
disorder, EBSN occurs at any time from the early appearance of the inflorescence (2-3 
cm long) up until flowering. At this time the development of a shriveled brown zone 
(zone of necrosis) at the base of the pedicel in the bunch4 can be seen on affected 
inflorescences. In severe cases ofEBSN the entire bunch may shrivel and die (plate 3.1). 
Loss of sections of the bunch mayor maynot occur (Jackson and Coombe, 1988a, b). No 
pathogen have been isolated from the affected tissue (Jackson, 1989). 
Jordan (1989) suggested that the symptom definition, and consequently the name EBSN 
to be too narrow to O"o.:.c.o .... "t . for what is observed in the field, where in addition to 
the necrosis of the rachis, laterals, and pedicels, damage symptoms are also seen in the 
flowers and fruit of affected inflorescences. Hence Jordan and other researchers in 
Oregon and Switzerland have adopted the name Inflorescence Necrosis (Inec or IN) to 
4 In this review the term 'bunch', or 'bunch-stem' refers to the peduncle, rachis, laterals, and pedicels of 
the grapevine flowering structure (inflorescence). 
,'.,.-.. 
". damage 
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, to the flowers and fruits. In addition the term IN 
refers to the development of any of these characteristics up until fruit set. 
Early bunch-stem necrosis symptom redefinition assumed by the term IN (Jordan 1989), 
and the use of IN synonymously with EBSN has recently come under review (Jackson 
and Coombe, 1995). Jackson and Coombe (1995) stated that the term IN is less precise 
than EBSN, since the disorder occurs on only a part of the inflorescence, viz its stem, it 
does not occur on flowers, their death is a consequence of sl-eV\l\~ecrosis. 
Consequently confusion between the two terms has prompted the need for 
documentation of EBSN symptoms, in particular its development. Due to the 
effectiveness of low light conditions as an effective natural means of inducing EBSN, 
(Jackson, 1990; Ibacache et at., 1991; Keller and Koblet, 1994) in November 1995 an 
observation trial was performed on shaded Cabernet Sauvignon vines three weeks pre-
anthesis (Parish, 1996 unpub.). Conditions of low light were achieved by placing twelve 
potted vines under shade cloth (photon flux density of approximately 700 ~mol/m2/s) in 
the Lincoln University glasshouse. These shaded vines were then compared to an equal 
of vines that were without shade (photon flux density of approximately 1400 
~mol/m2/s).5 
Initial signs of EBSN were evident approximately one week after imposition of shading. 
Firstly the shoulder of the inflorescence structure and/or any inflorescence(s) lower than 
the dominant inflorescence began to lose ~ .... ~~ ... \\-) Following this the development of 
necrosis on the bunch tissue became evident (Plates 3.2 and 3.3). At the same time 
5 A photon flux density of approximately 1500 J.Lmollm2/s was recorded for the outside light. 
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sections of the peduncle tissue turned light green. These light-green sections then 
darkened until eventually all of the peduncle tissue was dark brownlblack (plate 3.4). 
Continued shading resulted in the loss of florets and sections of the rachis tissue, due to 
the necrotic degradation of their respective tissues. Occasionally it was observed that this 
degradation of the pedicel tissue in particular, develops in a similar manner to that of an 
abscission zone. Threads of necrotic tissue were often left attached, and signaled the 
point from which the floret was lost. 
In comparison to the non shaded vines, inflorescences of shaded vines were noticeably 
smaller, more compact, and circular in shape. No evidence of any of the above stress 
induced symptoms were noted for the non-shaded vines. 
Development ofEBSN symptoms continued into and throughout flowering. Occasionally 
the whole inflorescence was lost. It was noted that the n. .... ""'loe(' of florets lost increased 
just prior to the start of anthesis. Following flowering the development of EBSN 
symptoms ceased, with only already affected tissue continuing to senesce. 
At fruit-set the outcome of the events described above became obvious, with severely 
affected inflorescences clearly exhibiting high levels of EBSN and other factors causing 
overall poor set, e.g. poor pollination (Plate 3.5). 
EBSN in plate 3.5 is evident by: 
1. The abundance of pedicels and florets which have turned necrotic. 
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2. Missing sections of the inflorescence structure due to necrosis. 
3. Threads of necrotic tissue signaling where once a pedicel attached. 
Plates 3.6 and 3.7 also illustrate EBSN symptoms to differing degrees. 
Therefore the main discrepancies with the name and symptoms assumed by the term IN 
are: 
1. The term IN is less precise than EBSN, since EBSN directly affects only the bunch-
stem tissue. 
2. Flower death is an effect following the death of the bunch-stem tissue. 
3. Flower death (shriveling and loss) is also the result of poor pollination (70-80% 
usually). 
4. EBSN appears to develop prior to flowering, hence there is a possibility that the term 
IN is classifying two separate disorders. 
Therefore in this review and later in the experimental investigations, the term EBSN will 
be used to describe the premature loss of flowers following the necrosis of the pedicel of 
florets, or the rachis of the inflorescence. This is similar to the original definition by 
Jackson and Coombe (1988a). 
Plate 3.1 Differing levels ofEBSN on Cabernet Sauvignon inflorescences (left), Cabernet Sauvignon inflorescence not exhibiting EBSN (right). 
Plate 3.2 
shading. 
Plate 3.3 
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Cabernet Sauvignon inflorescence drooping at the shoulder foHowing 
Cabernet Sauvignon inflorescence drooping and clearly exhibiting the 
development of necrosis on the peduncle, rachis and pedicel tissues foHowing shading. 
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Plate 3.4 Cabemet Sauvignon inflorescence exhibiting a dark brownlblack peduncle 
following shading. 
Plate 3.5 Cabemet Sauvignon bunch after fruit set exhibiting the result of EBSN 
damage following shading. 
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Plate 3.6 Cabemet Sauvignon bunch after fiuit set exhibiting high levels of EBSN 
and miJIerandage. 
Plate 3.7 Cabemet Sauvignon bunch after fruit set exhibiting high levels of EBSN 
and miUerandage. 
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3.2 Related Disorders 
Early inflorescence drop is a , phenomet1JI'I whereby flowers abscise at the 
base of the peduncle after bud-burst and prior to the inflorescence reaching 1-2 cm in 
length in potted grapevines (Jackson, 1994). Observations of shade stressed potted 
Cabernet Sauvignon vines one week post bud-burst6 shows this disorder and its 
development clearly (Parish, 1996 unpub.). 
Initial signs of vine stress became visible on the developing inflorescences after one week 
of shading. Darkening of the peduncle and rachis, necrosis of the pedicels and florets, 
along with loss of inflorescence posture were the most common observations. Higher 
severity of these symptoms were seen in inflorescences of 'less visual health'. 
From initial symptoms (Plate 3.8) sections of the peduncle and rachis turned dark brown 
(necrotic). Eventually all of the peduncle and rachis turned necrotic and as a result 
withered. Finally the inflorescence structure is lost. Plates 3.9,3.10 and 3.11 show the 
progression of symptoms with time. 
In a situation where the inflorescence was developing strongly before shade stress, 
symptom development appeared delayed and/or often less severe. Typically the 
inflorescence remained small, compact, and round in shape. Inflorescence drooping and 
necrosis then became apparent. 
6 Trial conditions and setup were the same as for the shading trial (parish, 1996 unpub.) documented in 
section 3.1. 
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Observations from this trial clearly shows that many of the symptoms observed closely 
resembled the development of EBSN. This suggests that EBSN and inflorescence drop 
are possibly related ,disorders, mediated via the same causal mechanisms. 
Filage is an event known in warmer climates, in which the flowers formed on the 
inflorescence will abscise two to three weeks prior to flowering. French work suggests it 
is a common event in vines of considerable vigour (Jackson, 1994). 
Bunch-stem necrosis7 (BSN) is a physiological disorder of grapes, usually occurring 
post-veraison. In many ways it is similar to EBSN, with the necrosis of the peduncle of 
the inflorescence, or pedicel of individual berries. BSN results in lesions on grape 
peduncles, rachis, and pedicels which develop during and after veraison into pronounced 
zones of tissue breakdown, which overtime become soft and water soaked before they 
tum brown. In addition parts of the bunch beyond these zones of breakdown may wilt, 
die, and drop off (Coombe and Dry, 1992). Similar environmental conditions, e.g. cooler 
climates and low nutrition, appear to induce BSN and EBSN (Coombe and Dry, 1992). 
Current research in New Zealand suggests BSN's cause is associated with calcium 
movement regulated by rachis development (A. Lang, 1995 pers. comm.). 
A condition which appears to be similar to EBSN is what Branas (1974; cited in Jackson, 
1989) describes as 'Coulure8 Accidentale'. Branas reports work suggesting that the 
development of this disorder is the result of carbohydrates shortage in the vine (cited in 
Jackson, 1989; Jackson, 1991). 
7 Also known as Stiellahme, Shanking, Waterberry, and Dessenchement de la Rajle. ..' 
8 Coulure is the French term used to describe the failure of flowers to develop into fruit (Jorda~!~89). 
I 
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]plate 3.8 Cabemet Sauvignon inflorescence showing initial sIgns of necrosIs 
following shading. 
Plate 3.9 Cabemet Sauvignon inflorescence severely drooping and necrotic 
following shading. 
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Plate 3.10 Cabemet Sauvignon inflorescence totally necrotic following shading. 
Plate 3.ll Cabernet Sauvignon inflorescence about to fall following shading. 
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3.3 Field Observations and Incidence in New Zealand 
Initial field observations by Jackson and Coombe (1988a) detailed varying levels of 
EBSN between regions, within regions, and within vineyards. Assessment of affected 
sites suggested that various management approaches and environmental conditions 
predisposed vines to the disorder. Information collected suggested that poor vme 
nutrition, densely shaded canopies, water stress, low canopy leaf area, and cool wet 
overcast conditions around flowering predispose the vine to EBSN. 
Assessment of three Canterbury Pinot Noir vineyards in the 1987/88 growing season 
noted two suffering from 10% EBSN, and the other from 1% (Coombe and Dry, 1988a). 
Severe losses were seen in the 1991/92 season in the Nelson and Canterbury regions, 
with crop losses of between 20 and 80% mostly attributed to EBSN reported (Jackson, 
. R~\<,.l:; 
1995 pers. comm. ).[Growing seasons . have shown little incidence of 
EBSN. Seasonal information on the severity and distribution of EBSN within New 
Zealand would prove invaluable. 
In addition to site inflicted severity, several cultivars were noted to be more susceptible. 
Outdoor assessment in 1987 showed the high cultivar susceptibility of various Early 
~ - . 
Muscats, Cabernet Sauvignon, ~ortztraminer, and Malbec grapevines. Moderate 
susceptibility was recorded for the Pinot Noir, Merlot, and Meunier cultivars (Jackson 
and Coombe, 1988a; Jackson, 1989). 
50 
Jordan (1989) and Lombard and Price (1991) reported that clones of a cultivar also 
showed variations in sensitivity. Two different clones of Pi not Noir, namely; Wadenswill 
(UCn 2A) and Colmar 538 exhibited 25% and 72% loss respectively due to EBSN. 
3.4 Research into Possible Causes 
Following preliminary observations by Jackson and Coombe (1988a, b), research by 
these two scientists initially explored the possible implications of the environmental 
stresses; light, water, and mineral nutrition. In addition focus was given to the 
involvement of plant growth regulators (PGR' s). Positive conclusions from this research 
has resulted in the development of related research programs at Lincoln University, The 
University of Adelaide, Oregon State University, and The Swiss Federal Research 
Station. 
3.4.1 Light 
Visual assessment of vines by Jackson and Coombe (1988a, b) noted that shaded areas 
within the vine canopy suffered a higher incidence ofEBSN. 
Jackson (1990, 1991, 1992), Keller and Koblet (1994), and Ibacache et at. (1991) have 
all reported increased levels of EBSN due to decreased light intensity, leaf area, and 
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reduced or inhibited photosynthetic activity. In trials run by Jackson and Lombard (1989 
unpub.) shaded vines exhibited 31% EBSN incidence compared to 2% in non-shaded 
vines. Experiments by Gu et al (1996) found that low light also increased the vines 
sensitivity 0. W> ",""OV\I\.."", -\-O~\~\ ~ 
Increased EBSN severity in response to these treatments suggested that the level of light 
received by the vine has a significant role in the induction of EBSN (Jackson, 1989). 
Results suggest that stress induced limitation of photosynthate supply, along with 
competitive interactions between grapevine sinks are involved with inducing EBSN. The 
relative sink strength of the inflorescence is known to be low before and during flowering 
(Jackson, 1989; Keller and Koblet, 1994). This parallels suggestions by Branas (cited in 
Jackson, 1989) for the cause of the condition coulure accidentale. 
3.4.2 Water Stress 
Field observations and pot trials have indicated that EBSN occurs at higher levels in 
e.. 
water stressed vines (Jackson, 1989). Trials on 10 year old field grown ~t1rtztraminer 
vines three weeks pre-anthesis indicated that mild water stress resulted in an increase in 
EBSN, without obvious signs of moisture stress (e.g. wilting and leaf yellowing) 
(Jackson, 1991). 
52 
3.4.3 Plant Growth Regulators 
Studies to date on the relationship between PGR's and EBSN incidence is limited, with 
work specific to this area reported by Jackson (1991). In these experiments Jackson 
looked at the effects of Ethephon9 and Chlormequat lO applications on 10 year old 
Gwertztraminer vines three week pre-anthesis. Ethephon applications to the fruit zone 
resulted in twice the development of EBSN compared to control plants. Chlormequat 
application resulted in no significant effect. The appearance of EBSN resulting from 
ethephon application was termed 'indistinguishable' from EBSN naturally occurring. 
This suggested that the development of EBSN symptoms may possibly be mediated via 
the elevation of endogenous ethylene levels. 
3.4.4 Mineral Nutrition 
Initial observations by Jackson and Coombe (1988a), and fertiliser experiments by 
Jackson (1989) noted that vines growing on soils of low nutrient status exhibited higher 
levels of EBSN. These findings were also supported by the fact that nutritional 
9 Ethephon is the common name for 'Ethre1 48', a PGR. Ethephon is an ethylene releasing agent subject 
to environmental variation. Its mode of action produces many physiological effects by regulating plant 
development following the release of ethylene into the plant (Agri-chemical manual, 1989). 
10 Chlormequat is the active ingredient of Cycocel 750 (Ccq. Cycocel is a known plant growth 
regulator which inhibits cell extension growth in some species, in particular wheats and oats. It is also 
known to promote stronger root development. It is also known to act on the developing stem, reducing 
internode length and thickening the cell walls (Agri-chemical manual, 1989). 
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imbalances were the cause of BSN, a disorder which appears related (Christensen and 
Boggero, 1985). This resulted in preliminary research by Jackson and Coombe (1988a, 
b) looking into EB SN' s relationship to the specific inorganic chemicals: 
• ~)2HP04 
• NH2CONH2 
• CaCh 
It was found that 'EBSN-like symptoms' were induced with Ca2+ and NH/ salts. The 
visual similarity between the natural and induced EBSN implied that EBSN was possibly 
the vines response to a single mechanism. In addition to the fact that ~)2HP04 could 
induce both EBSN and BSN further suggests that these disorders are possibly related 
(Jackson and Coombe, 1988a, b). 
Jackson and Lombard (1989 unpub.) and Jordan (1989) reported that in field studies 
EBSN severity was correlated to high ~+ concentrations in the rachis tissue of vines 
two weeks pre-anthesis. In addition Jackson and Lombard (1989 unpub) found that 
concentrations of ~+ in the rachis tissue was comparable to levels found in BSN 
affected tissue. 
Further support for ~+ involvement in the development ofEBSN was.dQ.SC:(~ by Gu 
et al. (1994) Their experiments concluded that EBSN could be induced by exogenous 
application of ~N03 and ~)2S04 treatments to one node cuttings. Analysis found 
that only the ~+ from the ~N03, or ~)2S04 was responsible for inducing EBSN. 
Analysis of inflorescence tissue ~ + concentrations found that; 
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• the rachis ~ + concentrations were several fold higher than levels found in the 
flower and pedicel tissues; and 
• the concentration of ~ + in the flower tissue was markedly higher than that of the 
pedicel tissue. 
From tl)NIL + tissue data, Gu et al. (1994) proposed that due to the initial development 
'-. 
of necrosis on the pedicel of affected inflorescences, and the fact that the lowest levels of 
~ + were found in the pedicel tissue, there is a possibility that the pedicel is more ~ + 
sensitive than other inflorescence tissues (Gu et aI., 1994). 
Despite the close association frequently observed between EBSN and high ~+ 
concentrations, this does not prove a "cause and effect". It is still possible that the 
elevated ~ + levels are the consequence of events resulting in EBSN, and not the cause. 
Jordan (1991) elaborated to suggest that ~+ build-up in affected tissue is due to ~+ 
assimilation being inadequate or limiting. The limitation being possibly due to either; 
• insufficient assimilating enzyme( es), or 
• insufficient critical substrates, e.g. a-ketoglutarate. 
Studies into the assimilatory enzymes found the flower and pedicel tissues to have a 
higher GS assimilating enzyme activity than the rachis tissue. No or low GS or GDH 
activity was found in the rachis. This suggested that low GS or GDH activities in the 
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rachis could be the factor responsible for the high ~ + levels recorded in the rachis, 
Therefore the rachis could act as a strong ~ + source to the pedicels and consequently 
the flowers. With the pedicel tissue appearing less tolerant of high ~ + levels; resultant 
necrosis could be the outcome (Gu et aI., 1994). 
Inhibition of GS activity using phosphinothricin significantly increased the levels of 
EBSN (Keller and Koblet, 1995b). This indirectly confirms the involvement of~+ in 
the development ofEBSN. Research by Keller and Koblet (1994, 1995b) concluded that 
the accumulation of ~ + in the tissue may be a secondary event to vine senescence 
processes induced by carbon starvation. The number and size of sinks competing for 
carbon during stress periods, and their relative priority determines which plant organs 
will undergo senescence for survival. Stress( es) on the vine decrease sink strength, most 
notably that of the flowering structure (Keller and Koblet, 1994), as sink strength of the 
inflorescence is known to be low prior to fruit set. 
Research by Keller and Koblet (1995b) suggests that EBSN is the visible manifestations 
of senescence processes induced by stress situations leading to carbon starvation. To 
guarantee survival of the vine early in the season, carbon and nutrients need to be 
redistributed to the vegetative plant parts. As a consequence reproductive growth is 
sacrificed in the same manner as old leaves may senesce to allow for continued growth of 
the shoots (Keller and Koblet, 1994). 
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3.5 Statement of Objectives 
This review has clearly shown that adverse environmental and husbandry conditions 
predispose the grapevine to EBSN. While research has isolated the factors most 
pertinent to EB SN' s occurrence, the actual mechanisms of damage are still not clear. 
A reduced vine carbon status appears to be closely linked to the development of EBSN 
(Keller and Koblet, 1994; Keller and Koblet, 1995). It is well accepted that in times of 
stress, photosynthetic activity is reduced, resulting in the instigation of acclimation 
processes which divert photosynthates and secondary energy reserves (primarily nitrogen 
containing compounds) to organs which enhance the acquisition of resources most 
limiting to plant growth (Mooney et ai, 1991; Keller and Koblet, 1994; Keller and 
Koblet, 1995a). However a reduced vine carbon status while central to this debate does 
not resolve the physical damage observed from EBSN. 
Ammonium toxicity, an event often associated with stress has been suggested as the 
mechanism of damage (Jordan, 1989; Jordan, 1991; Gu et aI, 1994). Elevated NH/ 
levels in affected tissue, along with observations that exogenous applications of NH/ 
result in greater EBSN damage have supported this proposal (Jordan, 1989; Jordan, 
1991; Jackson and Lombard, 1989 unpub; Gu et aI., 1994). However it is yet to be 
determined whether: 
1. Damage observed is the result of elevated ~ + levels in the rachis. 
2. Elevated ~ + levels are the cause or the effect ofEBSN. 
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A connection between reduced vine carbon status and elevated rachis N& + levels is 
highly possible, in acknowledging the fact that N& + detoxification, carbon and nitrogen 
acquisition, and the degradation of secondary reserves are all carbon demanding 
processes. The dependence placed on carbon skeletons, primarily a-ketoglutarate to 
detoxifY N& + derived from root uptake, and intracellular reactions, particularly those 
initiated in times of stress is well known (Srinivasan and Singh, 1987; Jordan, 1989; 
Barker and Corey, 1991, Keller and Koblet, 1995). Carbon skeleton availability is 
inversely dependant on the vines carbohydrate reserve status, which is documented to be 
very low prior to flowering (Jordan, 1989; Keller et aI., 1994) 
The hypothesis created from these research lines, while plausible does not : ~~c.oVli\. t 
for the fact that EBSN can be induced by the exogenous application of ethephon 
(Jackson, 1991), and EBSN-like symptoms induced by the exogenous application ofCa2+ 
salts (Jackson and Coombe, 1988a). 
Development of EBSN using ethylene was reported to be 'indistinguishable' from that 
naturally occurring (Jackson, 1991). It is well accepted that ethylene biosynthesis is 
initiated due to influences exerted by the internal and external plant environment (Barker 
and Corey, 1991). Therefore could the development of damage symptoms be the 
manifestations of elevated ethylene levels? Increased production of ethylene could 
possibly be regulated by a carbon to nitrogen imbalance in the plant, or more specifically 
elevated N& + levels, a consequence of stress. A similar suggestion to that of Barker and 
Corey (1991) in their research on Lycospersicon esculentum. 
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It is therefore the intention of the following research program to evaluate the validity of 
the following proposed pathway for the development of EBSN (Figure 3.1). In this 
pathway it is postulated that with environmental stress, a disruption in the grapevines 
carbon to nitrogen ratio occurs, resulting in elevated inflorescence tissue ~ + levels. 
Elevated ~ + levels are suggested to initiate the production of ethylene. Here it is 
proposed that elevated ethylene levels are the causal factor of the bunch damage 
symptoms termed EBSN. 
Environmental or Cultural Stress( es) 
1 
Disruption of Vines Carbon : Nitrogen Ratio 
1 
Ammonium Accumulation 
1 
Ethylene Biosynthesis 
1 
EBSN 
Figure 3.1 Proposed pathway for the development ofEBSN in Vilis vinifera L. 
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Chapter 4 
The Role of Ammonium, Calcium, and Ethylene in the Development of 
Early Bunch-Stem Necrosis of Vilis vini(era L. 
4.0. Introduction 
The major aims of this research program were to: 
1. Clarify the symptoms and appearance ofEBSN. 
2. Determine the involvement of ammonium, calcium, and ethylene in the development 
ofEBSN. 
3. Determine the role of carbon starvation in the development ofEBSN. 
4.1 Methods and Materials 
Single node Vitis vinifera L. c.v. 'Cabernet Sauvignon' cuttings were used in these 
experiments and prepared using a method described by Gu et al. (1994). Uniform shoots 
were either selected from the Lincoln University vineyard (experiment 1), or from five 
node cuttings grown in the University's glasshouse using a method described by Mullins 
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and Rajasekaren (1981) (experiments 2, 3, 4, and 5) (see appendix 1). In all experiments 
uniform, single nodes, with an inflorescence and an opposing leaf were selected (plate 
4.1), then placed in 70 m1 glass vials containing various treatment solutions as outlined 
below. 
Cuttings in Experiments 1, 2, 3, and 4 were then incubated at 15/21 °C (f\l1"'l:ldc..~) with 
a 12 hour daytime photon flux density of approximately 170 Ilmollm2/s in controlled 
growth environment cabinets11 . Cuttings in these experiment 1 were assessed at 48 
hours, while cuttings in experiments 2, 3 and 4 were assessed every 24 hours for a 48 
hour period. 
In experiment 5 incubation was carried out under glasshouse conditions. The glasshouse 
used transmitted a photon flux density of approximately 1400 Ilmollm2/s and maintained 
air temperatures of between 16 and 25°C. Cuttings in this experiment were assessed for 
120 hours at 24 hour intervals. 
11 The midday photon flux density during the duration of all experiments was approximately 1500 
/!mollm2/s outside the glasshouse. 
61 
4.1.1 Treatment Solutions 
The treatment solutions and concentrations used in experiments 1, 2, 3, and 4 are 
outlined in table 4.1. 
Concentration Used (mM) 
Treatment Solution Experiments 1, 2, and 3 Experiment 4 
Distilled Water 
Calcium Chloride 10,20,30,40,90, 120, 160. 10,20,30. 
Ammonium Nitrate 1, 5, 10,20,30, 80, 120, 160. 10,20,30. 
Ammonium Sulphate 1, 5, 10, 15,20, 80, 120, 160. 5, 10, 15. 
Ethephon ('EthreI48') 0.1, 1, 10, 100. 0.1, 1, 10. 
a-Ketoglutarate 0.1, 1, 10. 
Table 4.1. Treatment solutions used in Experiments 1, 2, 3, and 4. 
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The treatment solutions and factorial design of experiment 5 are outlined in table 4.2. 
Treatments Distilled Water 20mMKG 60mMKG 
Distilled Water 4 reps 4 reps 4 reps 
4 reps 4 reps 4 reps 
4 reps 4 reps 4 reps 
4 reps 4 reps 4 reps 
Distilled Water 4 reps 4 reps 4 reps 
4 reps 4 reps 4 reps 
4 reps 4 reps 4 reps 
4 reps 4 reps 4 reps 
Table 4.2. Treatment solutions used and factorial design of experiment 5. 
Distilled water was used as a control and the pH of all solutions was adjusted to 6.5 
using potassium hydroxide in all experiments. 
_--,-i.,'. ,-_'-'.;.'-' •. 
63 
4.1.2 Experimental Measurement, Design, and Analysis 
a) Experiments 1,2,3, and 5 
Measurement in experiments 1, 2, 3, and 5 involved scoring the level of Floret Loss 
(FL), Floret Browning (FB), Inflorescence Browning (IB), and Leaf Necrosis (LN) using 
a 0 - 5 scale. A score of 0 represented no visible incidence of the assessed parameter, and 
5 representing a maximum incidence of the assessed parameter. FL appeared to be the 
most mild symptom of damage observed in experiments, while more extreme treatments 
would cause FB, IB, and finally LN. 
Floret Loss (FL) 
This refers to the loss of any section(s) of the inflorescence which had florets attached. 
Loss of these sections occurred either at: 
• Some point along the inflorescence rachis. 
• Some point along the inflorescence laterals. 
• Some point along the inflorescence pedicels. 
to \I Ot.)".~. j 
FL was due predominantly to either necrotic degradation of tissue or abscission ~ the 
development of an abscission zone. 
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Floret Browning (FB) 
FB refers to the levels of browning shown on any part of the floret structure. 
Inflorescence Browning (IB) 
IB refers to the level of browning shown on any section of the inflorescences peduncle, 
rachis, laterals, or pedicels. 
Leaf Necrosis (LN) 
LN refers to the levels of browning shown on any section of the leaf 
A completely randomised experimental design was used, with each treatment replicated 6 
times. Often specific treatment rates were repeated in two of the three experiments. Data 
was analysed by Anova or correlation/regression analysis as appropriate. Mean 
separation was by Fishers LSD test. 
b) Experiment 4 
In experiment 4 one node cuttings were removed from their respective treatment 
solutions. Inflorescences were excised from the cuttings, weighed, and then promptly 
transferred into 100 ml Erlenmeyer flasks. These flasks were then sealed with serum caps 
and 2 ml syringe samples were taken for quantitative ethylene assessment using a Pye 
Unicam 204 Gas Chromatograph at 16, 20, and 24 hours (full details given in appendix 
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2). At 16 and 20 hours ethylene measurements of six replicates were made of the 
Control, 30 mM CaCb, 10 mM Ethephon, 30 mM ~N03, 30 mM ~)2S04, and 10 
mM a.-ketoglutarate treatments. At 24 hours ethylene measurements of three replicates 
of all the treatments were made. 
All data was analysed by ANOV A or correlation/regression analysis as appropriate. 
Mean separation was by Fishers LSD test. 
4.2 Results Part 1 
Experiments in part 1 were performed with the intention of isolating ammonium, 
calcium, and ethylene treatments that would induce the development ofEBSN. 
4.2.1 Ammonium Treatments 
In an attempt to artificially induce EBSN experiments repeated those described by Gu et 
al. (1994). However, when similar concentrations of~N03 and ~)2S04 were used, 
namely 80 mM, 120 mM, and 160 mM (experiment 1), severe inflorescence and leaf 
senescence occurred (see plates 4.2 - 4.5). 
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As a consequence, an additional lower range of ~N03 and CNH4)2S04 concentrations 
were investigated (experiments 2 and 3). This range of concentrations resulted in damage 
symptoms ranging from the loss of a few florets to severe senescence of the inflorescence 
and its opposing leaf. 'EBSN like symptoms9' were only observed at 48 hours using 10, 
20, and 30 mM ~N03, and 5, 10 and 15 mM CNH4)2S04 treatments. Above 30 mM 
severe senescence of the cuttings took place, or more specifically symptoms resembling 
ammonium toxicity. Cuttings subjected to these high concentrations exhibited high levels 
ofFB, IB, and LN, but low levels ofFL (see figure 4.1 and 4.2). Of note was that where 
there were high levels of FL and low levels of FB, IB, and LN, 'EBSN-like symptoms' 
were observed. 
a) Ammonium Nitrate 
At 24 hours only the 30 mM ~N03 treatments significantly (p < 0.05) influenced FL 
severity levels (Figure 4.1). However at 48 hours the 20, 30, 80, and 160 mM ~N03 
concentrations all caused significant (p < 0.05) levels ofFL. At both 24 and 48 hours the 
30 mM ~N03 treatment achieved the highest and most significant FL levels. 
Observations at 48 hours showed that FL occurred at the rachis-lateral and/or lateral-
pedicel nodes. Abscission accounted for the majority ofFL at concentrations between 10 
and 30 mM, whereas from 80 to 120 mM necrotic degradation of tissue was primarily 
9 The term 'EBSN-like symptom' refers to the development of any symptom(s) resembling naturally 
occurring EBSN as defined in section 3.1. 
I
, .. 
. . 
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responsible, usually at the rachis-pedicel node. Where necrotic degradation of tissue had 
occurred thin threads of necrotic tissue remained. 
Assessment at 24 hours showed increasing levels of FB, IB, and LN severity with 
increasing NH.N03 concentration. Figure 4.1 clearly illustrates that FB levels were 
significant (p < 0.05) for the 80 and 120 mM treatments. At 48 hours a correlation (p < 
0.05) was found between the NH.N03 concentration and FB, IB, and LN severity levels. 
With increases of concentration above 80 mM there was a corresponding increase in 
each of these parameters. Maximum values for FB, IB, and LN were reached using 120 
mM, 120 mM, and 160 mM NH.N03 treatments respectively. 
Using the 80 mM treatment, florets still attached became dark green and were often 
spear-like in appearance. In addition many florets turned brown, due predominantly to 
the death of the cap tissue (see plate 4.2). 
IB started at the tip of the rachis and progressed with time towards the peduncle. A 
brown blotchy appearance preceded total browning. 
The leaves were visually healthy in appearance up to a concentration of 80 mM. Above 
80 mM veinal browning begins, spreading from the sinus to eventually result in a tan-
brown leaf LN severity increased proportionately to NH.N03 concentration reaching a 
maximum with use of the 160 mM treatments. 
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b) Ammonium Sulphate 
At 24 and 48 hours the highest FL levels were seen using the 15 mM (NR.)2S04 
treatments (see figure 4.2). Below 15 mM, FL levels decreased in a linear manner with 
decreasing treatment concentration. Above 15 mM FL decreased primarily due to the 
increases in FB and IB, which caused the florets to remain attached to the bunch. 
I 
At 5, 10, and 15 mM concentrations, FL occurred predominantly due to a shriveling of 
the pedicel, however in some circumstances FL was due to the formation of an 
abscission zone. 
FB was not seen in cuttings subjected to (NR.)2S04 concentrations of less than 80 mM. 
With concentrations above 80 mM pedicels turned light-brown, and a high percentage of 
florets turned dark brown. All FB results for concentrations above 80 mM were 
significant (p < 0.05) regardless of the assessment time (see figure 4.2). For the 80 and 
120 mM (NR.)2S04 treatments FB levels were higher at 24 hours than 48 hours. The 
decrease in FB levels at 48 hours was due to the loss of the end of the rachis and some 
laterals. 
High levels of both IB and LN were only witnessed at 24 and 48 hours using treatments 
of80, 120, and 160 mM concentrations. A significant (p < 0.01) relationship between IB 
and LN severity, and the CNH4hS04 concentration was found at 48 hours. As figure 4.2 
shows the 160 mM treatments induced a maximum score of IB and LN severity with the 
development of both factors being linear. IB progressed from the end of the rachis, with 
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often the end of the rachis falling off (see plate 4.2). LN appeared to some extent at all 
concentrations but increased severity's were seen in the higher (NR.)2S04 
concentrations. Browning started around the leaf veins by the sinus. From the sinus as 
well as from the leaf edges browning moves outwards and inwards respectively (see plate 
4.4). 
4.2.2 Ethephon Treatments 
Continuing on from research by Jackson (1991) a range of 'Ethephon' treatments, 
(0.1, 1.0, 10, 100 mM), were applied to cuttings in an attempt to artificially induce 
EBSN. Assessment of the treatment effects showed EBSN and EBSN-like symptoms 
. EBSN developed after 48 hours using the 0.1 and 1 
mM ethephon treatments. 
High and significant (p < 0.05) levels ofFL were achieved using ethephon concentrations 
of 0.1, 1.0, and 10 mM at both 24 and 48 hours (see plate 4.6 and figure 4.3). However 
at 100 mM FL levels drops considerably to become non-significant (p < 0.05). This 
reduction in FL was associated with a marked increase in FB, ill, and LN. 
FL was primarily due to the development of a necrotic zone across either the 
inflorescence lateral or pedicel. Occasionally FL appeared to be the result of the 
development of an abscission zone. Where FL was due to the necrotic degradation of 
tissue, strands of necrotic plant tissue remained (see plate 4.6). 
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FB was not seen in the 0.1, 1. 0, and the 10 mM ethephon treatments. However at 48 
hours cuttings treated with the 100 mM ethephon concentration exhibited maximum FB 
severity levels (FB=5) (see plate 4.7). Similar trends were noted for ill and LN, however 
incidence of these parameters was evident in some treatments of a lesser concentration. 
Significant (p < 0.05) levels ofFB, ill, and LN were seen at 48 hours using the 100 mM 
concentration rate. 
With the use of 100 mM ethephon, lateral stems turned brown and consequently with 
this development of necrosis, sections of the inflorescence laterals and pedicels dropped. 
FB dominates the inflorescence at 100 mM with little FL and ill occurring. The small 
amounts ofIB observed were at the rachis tip. 
LN severity correlated significantly (p < 0.01) with the ethephon concentration. LN 
started as small brown necrotic blemishes on the leaf s veinal and interveinal tissues. At 
100 mM this browning had taken over the whole leaf 
4.2.3 Calcium Chloride Treatments 
Continuing on from research by Jackson and Coombe (1988a), a range of CaCh 
treatments were investigated, namely; 10, 20, 30, 40, 90, 120, and 160 mM. 
Observations noted symptoms ranging from the loss of a few florets to moderate levels 
of cutting senescence. 
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An insignificant stepwise increase in FL levels can be seen at 24 and 48 hours as the 
CaCh concentration increases from 10 mM to 30 mM. However as shown in figure 4.4, 
at concentrations above 30 mM FL levels decline, with assessment often noting no visual 
appearance. FL was due to abscission, either at some point along the pedicel or lateral of 
the inflorescence. 
At concentrations of90 mM and upwards significant levels (p < 0.05) ofFB, IB, and LN 
were witnessed (plates 4.7 - 4.8). Below 90 mM severity of these parameters is low or 
non-existent. 
Analysis confirms a significant (p < 0.01) correlation between CaCh concentration and 
FB, IB, and LN severity. Figure 4.4 clearly shows the linear increase in these parameters 
with increasing CaCh concentration of 90 mM and above at 48 hours. 
Although increases in IB in response to CaCh concentration were slight, observation 
noted its development to be distinct. IB began at the tip of the rachis and works 
backwards towards the peduncle. The rachis takes on a dark blotchy appearance which 
then turns brown. These brown sections merge, eventually resulting in the entire 
inflorescence turning brown. This was most noticeable in cuttings incubated in the 160 
mM treatments. The opposing homologous tendril exhibited the same characteristics. 
Inflorescence pedicels and laterals remained unchanged by concentration and time. 
LN initially appeared by the leaf margins and interveinal areas. Browning progresses 
through to surrounding tissue but does not take over the veinal tissue of the leaf (plate 
4.8). 
Plate 4.1 
Plate 4.2 
One node cuttings with an inflorescence and opposing leaf 
Inflorescence from the 120 roM ammonium nitrate treatment after 48 
hours. 
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Plate 4.3 
em LI _.1---'_....J 
Inflorescence from the 120 mM ammonium sulphate treatment after 48 
hours. 
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Plate 4.4 Leaf from the 120 rnM ammonium nitrate treatment after 48 hours. 
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Plate 4.5 Leaf from the 120 mM ammonium sulphate treatment after 48 hours. 
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1.0 mM Ethephon 
Plate 4.6 Inflorescence from the I rnM ethephon treatment after 48 hours. 
em L' --'_.1..--1 
120 mM CaCI2 
Plate 4.7 Inflorescence from the 120 rnM calcium chloride treatment after 48 hours. 
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Plate 4.8 Leaf from the 120 mM calcium chloride treatment after 48 hours. 
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Figure 4.2. The influence of a range of ammonium sulphate concentrations on Floret 
Loss (FL), Floret Browning (FB), Inflorescence Browning (IB), and Leaf Necrosis (LN) 
levels at 24 and 48 hours. Mean separation is by Fishers LSD (p < 0.05) . .The symbol 'nr' 
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4.3 Results Part 2 
Experiments in Part 2 were performed to further cl.e.+e.i"",,':"'~ w"'-e.~u 
we.1't. i"'\lo\\l~ 
ammonium and ethylene~n the development ofEBSN. 
4.3.1 Further Investigation into Ammonium 
82 
The influence of adjusting the carbon balance of the cuttings using a-ketoglutarate on 
the response of vines to 10,20, and 40 mM NHtN03; and 5, 10, and 20 mM CNH4)2S04 
treatments was investigated. These lower concentrations of NHt + salts proved the most 
sensitive in previous experiments. Assessment continued for 120 hours. The use of KG 
as a carbon substrate follows on from work by Jordan (1989) and Gu et al (1994). 
As documented in Tables 4.4 and 4.5, the data obtained for FB and IB showed when 
analysed that the influence of any main or interactive factors on parameter severity were 
either non-existent or minimal. As such the number of significant main and interactive 
effects highlighted by analysis could be assumed as falling outside the degree of 
confidence assumed by ANOVA analysis at the 5% level. Therefore further discussion of 
events relating to these parameters in the following will only be brief. 
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a) Ammonium Nitrate with or without a-Ketoglutarate addition 
For the NIiJN03 treatments FL levels were minimal up until 96 hours. At 96 hours only 
the 40 mMNIiJN03 treatment (FL = 3.5) was significantly (P < 0.05) different from the 
control. At 120 hours a trend is shown, although not statistically significant it is seen 
(see figure 4.5) that with increasing NIiJN03 concentration there is a linear increase in 
FL levels. Again only the 40 mM concentration generated significant FL levels (p < 
0.05). 
No NIiJN03 treatments significantly (p < 0.05) affected FB or LN throughout the 
experiment. Average IB levels of2, 2, 0.5, and 1.5 were significant (p < 0.05) at 48, 72, 
96, and 120 hours respectively. 
For the KG and KG~N03 treatments FL increased with NIiJN03 and KG 
concentration, with assessment showing no reduction in FL due to KG addition. A 
stepwise increase in FL is seen as the KG and ~N03 concentrations increase. The 20 
mM ~N03 plus 60 mM KG treatment resulted in the worst FL levels (FL=5), with all 
florets from the inflorescence being lost (p < 0.05). Prior to 120 hours the development 
ofFL severity for each treatment is seen as assessment time elapsed (see figure 4.5). 
Average leaf necrosis severity's of 1.3,0.5,2.5,4.3 for the 60 mM KG, and 60 mM KG 
plus 10, 20, and 40 mM ~N03 treatments respectively were recorded at 120 hours. 
Increasing LN levels were observed at 72 and 96 hours which developed to those noted 
prior for 120 hours. 
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b) Ammonium Sulphate with or without a-Ketoglutarate addition 
Low FL severity levels were observed for straight CNH4)2S04 treatments up until 96 
hours (see table 4.3 and figure 4.6). At 96 hours FL levels though still low increased with 
CNH4)2S04 concentration. This trend was more noticeable at 120 hours (see figure 4.6). 
However no CNH4)2S04 treatments induced significant levels of FL throughout the 
experiment. 
Observations noted that CNH4hS04 treatments did not significantly influence FB, ill, and 
LN levels over the 120 hour assessment period. 
Before 96 hours KG and KG/CNH4)2S04 treatments had very little influence on FL levels. 
However at 96 hours it is seen (figure 4.6) that as the concentration of the KG and 
KG/CNH4)2S04 treatments increased, so did FL severity. Though the only significant (p < 
0.05) result was for the 20 mM CNH4)2S04 plus 60 mM KG treatment, this trend became 
significant (p < 0.05) at 120 hours, where all CNH4)2S0JKG treatments induced high 
levels ofFL. 
KG or CNH4)2S0JKG treatments did not appear to induce FB, ill, and LN symptoms of 
damage. 
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c) Further assessment of main and interactive effects 
Analysing the ~ + data (table 4.3), results strongly suggest that the concentration of the 
~+ used has a significant (p < 0.001) effect on FL after 48 hours. This is more 
noticeable for ~ + concentrations over 20 mM (see figure 4.7). 
Looking at the difference between the ~+ anions used it is seen (tables 4.3 - 4.6) that it 
was not until 96 hours that any significant differences were observed (see figure 4.8). At 
this time cuttings incubated in ~N03 treatment of concentrations above 20 mM had a 
larger impact on FL severity levels than ~)2S04 treatments at the same ~ + 
concentration. Statistical analysis confirmed the different influence the two ~ + anions 
have on FL and LN levels after 96 hours (p < 0.001) and 120 hours (p < 0.001 and 0.05 
respectively) . 
The combined effect of the ~ + concentration and choice of ~ + anion form had a 
significant effect on FL at 48 (p < 0.001), 96 (p < 0.001), and 120 (p < 0.01) hours. For 
LN the only significant interactive effect between ~ + concentration and ~ + anion 
form was obtained at 48 hours (p < 0.01). 
The KG concentration had a significant influence on FL levels at 48, 96, and 120 hours 
(p < 0.001) (see table 4.1). Figure 4.8 illustrates that 20 mM KG in the presence of 
~N03 or ~)2S04 treatments has little influence on FL severity. However 60 mM 
KG in combination with ~N03 or ~)2S04 causes a major increases in FL levels 
(see figures 4.5 and 4.6). For ~N03 this change occurs at the 20 mM ~+ 
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concentration, whereas for (N&)2S04 rapid increase in FL severity is seen at the 40 mM 
NH/ concentration (figure 4.8). For LN significance levels were only found after 96 and 
120 hours (p < 0.001). 
FL levels were significantly influenced by the interaction of ~ + concentration and the 
KG concentration at 48 (p < 0.001) and 96 hours (p < 0.01) (table 4.3). Influence on the 
levels of LN however was delayed with significant levels obtained at 96 (p < 0.001) and 
120 hours (p < 0.05) (table 4.6). 
Interaction between the anion form and KG concentration significantly affected FL levels 
at 48 (p < 0.001) and 96 hours (p < 0.001) (table 4.3). As clearly iIlustrated in figure 4.8 
the different ~ + anion forms reacted differently to the addition of 60 mM KG. Figure 
4.8 suggests that the N03" anion form is more sensitive to the presence of KG. The 
significant effect on LN severity again was delayed to 96 and 120 hours. 
Statistical analysis of the interaction of all factors showed a significant effect on FL levels 
at 48 (p < 0.001) and 96 hours (p < 0.05). This interaction effect significantly influenced 
LN at 96 (p < 0.001) and 120 hours (p < 0.05) (see tables 4.3 and 4.6). 
4.3.2 Further Investigation into Ethylene 
Figure 4.9 shows the low levels of ethylene measured from inflorescences derived from 
cuttings incubated in distilled water, 30 mM ~N03, 15 mM (N&)2S04, and 30 mM 
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CaCho Although levels were non significant for these respective treatments, a trend of 
increasing ethylene production was clearly seen over time. Most evident is the noticeable 
jump in production after 20 hours. Significant (p < 0.05) levels of ethylene were 
recorded at all assessed time periods for 10 mM ethephon and 10 mM KG treatments. As 
with the ~N03, ~)2S04, and CaCh treatments ethylene levels noticeably increased 
after 20 hours, but to a much larger degree. All treatments measured at 16, 20, and 24 
hours showed a significant (p < 0.05) regression with time. 
Readings taken at 24 hours (figures 4.10 and 4.11) for inflorescences from the ~N03, 
~hS04, and CaCh treatments showed no significant ethylene emission levels. 
However cuttings derived from ethephon treatments show ethylene production levels to 
increase significantly with concentration in an exponential fashion (figure 4.11). KG 
treated inflorescences produced noticeable levels of ethylene at all concentrations, 
however no significant trends were evident from analysis. 
Time (hours) 
Significance Factor 
24 48 72 96 120 
main effects 
NH/ concentration ns *** * *** *** 
NH/ anion form ns ns ns *** ** 
KG concentration ns *** ns *** *** 
interaction effects 
~ + concentration I ~ + anion form ns *** ns *** * 
~ + concentration I KG concentration ns *** ns ** ns 
~ + anion form I KG concentration ns *** ns ** ns 
~ + concentration I ~ + anion form I KG concentration ns *** ns * ns 
Table 4.3. Significance of main and interactive effects on floret loss. 'ns' = non significant; *, **, *** = p < 0.05,0.01, and 0.001 respectively. 
't· ,,' 
, 
00 
00 
Time (hours) 
Significance Factor 
24 48 72 96 120 
main effects 
N'H4 + concentration ns ns ns ns * 
N'H4 + anion form ns ns ns ns ns 
KG concentration ns ns ns * ns 
interaction effects 
N'H4 + concentration I N'H4 + anion form ns ns ns ns ns 
N'H4 + concentration I KG concentration ns ns ns ns ns 
N'H4 + anion form I KG concentration ns ns ns * ns 
N'H4 + concentration I N'H4 + anion form I KG concentration ns ns ns ns ns 
Table 4.4. Significance of main and interactive effects on floret browning. 'ns' = non significant; *, **, *** = p < 0.05,0.01, and 0.001 respectively. 
",. : ~. 
00 
\0 
Time (bours) 
Significance Factor 
24 48 72 96 120 
main effects 
NH/ concentration ns * ns ns ns 
NR. + anion form ns ns ns ns ns 
KG concentration ns *** ns ns ns 
interactive effects 
NR. + concentration I NR. + anion form ns ns ns ns ns 
NR. + concentration I KG concentration ns * ns ns ns 
NR. + anion form I KG concentration * ns ns ns ns 
NR. + concentration I NR. + anion form I KG concentration ** ** ns ns ns 
Table 4.5. Significance of main and interactive effects on inflorescence browning. 'ns' = non significant; *, **, *** = p < 0.05, 0.01, and 0.001 
respectively. 
\0 
o 
Time (bours) 
Significance Factor 
24 48 72 96 120 
main effects 
Nl4 + concentration ns ns ns *** *** 
Nl4 + anion fonn ns ns ns *** * 
KG concentration ns ns ns *** *** 
interactive effects 
Nl4 + concentration I Nl4 + anion fonn ns ns ns ** ns 
Nl4 + concentration I KG concentration ns ns ns *** * 
Nl4 + anion fonn I KG concentration ns ns ns *** *** 
Nl4 + concentration I Nl4 + anion fonn I KG concentration ns ns ns *** * 
Table 4.6. Significance of main and interactive effects on leaf necrosis. ens' = non significant; *, **, *** = p < 0.05,0.01, and 0.001 respectively. 
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Figure 4.5 The influence of a range of a-ketoglutarate, ammonium nitrate, and a-
ketoglutarate/ammonium nitrate treatments on Floret Loss (FL) levels over 120 hours. 
Mean separation is by Fishers LSD (p < 0.05). 
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Figure 4.6 The influence of a range of a-ketoglutarate, ammonium sulphate, and 0.-
ketoglutarate/ammonium sulphate treatments on Floret Loss (FL) levels over 120 hours. 
Mean separation is by Fishers LSD (p < 0.05). 
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Figure 4.9 The influence of ammonium nitrate, ammonium sulphate, calcium chloride, alpha-ketoglutarate, and ethephon on ethylene produced by 
excised grape inflorescences at 16, 20, and 24 hours. 
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Figure 4.10. The influence of ammonium nitrates, ammonium sulphate, and calcium 
chloride concentration on ethylene production by excised grape inflorescences at 24 
hours. Ethylene is measured in parts per million (ppm) per gram (g) of fresh weight 
tissue. Error bars represent the standard deviation from the mean. 
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4.4 Discussion 
4.4.1 Evaluation of Experimental Procedures 
The aim of this investigation was to evaluate the involvement ofNH/, Ca2+, and C2R. 
in the development of EBSN. Treatment evaluation involved the use of single node 
cuttings consisting of a leaf and inflorescence, a technique described by Gu et at. 
(1994). Experimentation with this plant material proved an effective and efficient 
research tool for evaluation of objectives, especially when sourced from potted vines 
which allowed for year round experimentation. 
Consistent with findings of Holzapfel and Coombe (1991), visual signs of wilting were 
not evident throughout experimentation in clusters pre-anthesis. The life of the cuttings 
appears to be approximately 120 hours under these experimental conditions, with 
cutting longevity appearing to be closely associated with environmental conditions 
such as light and temperatures. 
Preliminary work showed the need for an assessment system which allowed for the 
following: 
• Consistent assessment of a diverse range of treatment effects. 
• Quick evaluation of a large amount of treatments. 
• A simple technique for easy repetition of experiments. 
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Evaluation techniques in the past have involved either; the tapping the bunch and 
recording the loss of florets as a percentage of remaining florets (Jackson and Coombe, 
1988a), or, by estimating or counting the percentage of florets which have turned 
brown or black (necrotic) (Jordan, 1989; Gu et ai, 1994; Keller and Koblet, 1994). 
Figures in both techniques are then directly transferred to a percentage EBSN figure 
per assessment unit. 
A new assessment technique was required due to; 
• the limitations in the information gathered using these previous techniques, 
• recent speculation over the use and definition assumed by IN, and 
• use of the term IN synonymously with EBSN. 
This resulted in the development of a assessment system based on four qualitative 
measures, namely; floret loss, floret browning, inflorescence browning and leaf 
necrosis. By use of these descriptors as an evaluation tool the response of a large 
volume of cuttings to various treatments could be easily and consistently made, while 
not complicating the original EBSN definition by Jackson and Coombe (1988a). In 
addition these measures were designed to make it possible to determine more easily 
whether the treatment effects shown by cuttings were; 
• plant mediated responses (physiological responses), or 
• plant physical damage responses (non-physiological responses) 
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By use of notes detailed from shade stressed Cabernet Sauvignon potted vines (see 
chapter 3.1) for comparison to treatment results, the use of these qualitative 
parameters as a reliable indicator of EBSN was possible. Observations and results 
suggest that there is a strong possibility that EBSN occurs when FL levels are elevated 
(FL = 1-5), and FB, IB, and LN levels are minimal or non-existent (FBIIBILN = 0-1) 
as highlighted by this investigation. 
FL is often, but not always the result of EBSN, as loss may also occur via the 
development of an abscission zone as opposed to a necrotic zone evident with EBSN. 
Keller and Koblet (1994) stated that in their research they witnessed the development 
of abscission layers on certain sections of the bunch. Here they noted that the 
development of an abscission zone resulted in the abortion of a section, or all of the 
bunch, with hardly any necrotic manifestations visible. This was very similar to 
observations in our laboratory for the ~ + and Ca2+ salt treatments. However this is 
not to say' that symptoms, such as the development of an abscission zone are not 
associated with EBSN, although results and observations in these experiments strongly 
suggest that abscission is not associated with EBSN. For future qualitative assessment 
therefore there is a need for a parameter denoting bunch tissue necrosis. The inclusion 
of a bunch necrosis parameter will certainly make EBSN diagnosis using this technique 
possible and following experimental results in this investigation certainly reliable. 
However due to this investigation not including such a parameter only EBSN-like 
symptoms can be proposed from the qualitative data used. 
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4.4.2 Ammonium 
Experiments by Gu et al. (1994) reported the development of EBSN using 120 and 
160 mM N&N03 and (NH.)2S04 treatments on Pinot Noir cuttings one week pre-
anthesis, anthesis, and one week post-anthesis. Repetition of this work using Cabernet 
Sauvignon cuttings however generated conflicting results. Use of these treatments 
(experiment 1) resulted in severe physical damage to the inflorescence and opposing 
leaf 
Assessment showed cuttings to have suffered severe physical damage, most probably 
due to the unnaturally high N&+ salt concentrations used. These results are consistent 
with the views of Keller and Koblet (1995b) who suggest that the symptoms reported 
by Gu et al. (1994) are the result of osmotic stress leading to dehydration and loss of 
turgor. Observations in experiment 1 noted cuttings incubated in these concentrations 
exhibited no similarities to EBSN. The development and extent of necrosis on cutting 
tissue was in no way similar to symptoms seen in the development and eventual 
appearance ofEBSN (refer to plates 4.2-4.5). 
Use of the parameter assessment technique for diagnosing EBSN-like symptoms 
clearly supports these observations due to the elevated levels of FB, IB, and LN 
severity. The use of a percentage necrotic flower figure, or the comparable FB 
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qualitative data as a direct indicator ofEBSN severity from figures 4.1 and 4.2 shows 
consistent results to those of Gu et al. (1994). Therefore the validity of a one 
parameter measurement system such as FB to indicate EBSN severity is highly 
questionable, as EBSN levels derived from an FB severity score would greatly 
overestimate the levels ofEBSN present, if any damage due to EBSN is present at all. 
By reducing the concentrations of~N03 and ~)2S04 used for cutting treatments 
(experiments 2 and 3), signs of physical damage to the inflorescence and opposing leaf 
were dramatically reduced, and often non existent. Observations noted that incubation 
of cuttings in 30 mM ~N03 and 15 mM ~)2S04 induced symptoms most 
resembling EBSN. EBSN-like symptoms were also observed in the 5 and 10 mM 
~)2S03; and 10 and 20 mM ~N03 treatments, but not to the same extent. 
Observations were consistent with EBSN-like symptom indications derived from 
qualitative parameter measures, where it was recorded that there were elevated FL 
levels in conjunction with low or non existent FB, IB, and LN levels in these 
treatments. Hence the use of this parameter assessment technique as an indicator of 
EBSN-like symptoms proves effective in this instance. 
It is seen in Figures 4.1 and 4.2 that in addition to a definite ~ + concentration effect 
on FL, ~ + in the form of~N03 results in increased symptoms of damage when in 
comparison to ~)2S04 at the same ~ + concentration. This finding is consistent 
with reports by Gu et al. (1994) and Keller and Koblet (1995b). Treatment solutions 
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below 10 mM NIL.N03 and 5 mM (Nl4)2S04 did not induce any visual responses 
suggesting that the cuttings were able to c.tcolM.o~J:;'k I the lower concentration 
treatments. 
Further investigation (experiment 5) into the 10, 20, and 30 mM NIL.N03; and 5, 10, 
and 15 mM (Nl4)2S04 treatments confirmed both the effect of the ~ + 
concentration, the NIL. + anion form, and the interaction of these factors on FL levels 
/ 
for these concentrations (see table 4.1). Results showed the concentration of the 
./ 
~ + to significantly affect FL levels after 48 hours, and the ~ + anion form to 
significantly effect FL levels at 96 hours. As seen in figure 4.7 the ~+ effect on FL 
levels increases rapidly with concentration after 96 hours, which is also at the same 
time that the NIL.+ anion form effects FL levels. ~+ in the form ofNIL.N03 is shown 
to induce substantially higher severity's of FL than NIL. + in the form of (Nl4)2S04 (see 
figure 4.8). Interpretation of these events suggests that either; 
1. the cutting IS unable to detoxify any ~ + concentration above 10 mM, 
consequently the additional source of NIL. + derived from N03- reduction could 
explain the rapid FL severity rise using treatments of 20 mM ~N03 compared to 
10 mM (Nl4)2S04 treatments, or 
2. that due to ~ + assimilation being the major mechanism of detoxification, a 
carbohydrate requiring process,ther~ is a possibility that after 96 hours that the 
cutting carbohydrate reserves are lower than when initially introduced to the 
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treatment. Therefore the rapid increase in FL levels may be the result of carbon 
deficiency due to an inability to detoxify constantly high cellular Nl4 + levels, or 
3. that there is a combined effect of the above two processes. 
Loss of florets in the 10, 20, and 30 mM Nl4N03 treatments occurred predominantly 
due to the development of an abscission zone, usually at the lateral-pedicel node. 
Occasionally FL was as a consequence of necrosis at the base of the pedicel, or along 
the lateral and/or rachis. It was the events in which necrosis developed that symptoms 
most resembled the appearance ofEBSN. In contrast the 5, 10, and 15 mM (NH4)2S04 
treatments induced FL predominantly due to the development of a necrotic zone, again 
usually at the lateral-pedicel node. Only occasionally was the development of an 
abscission zone the cause of FL. Therefore there is the possibly of an amon 
involvement determining whether an abscission zone or necrotic zone will form. 
Whether or not the necrotic degradation of tissue due to these treatments is the same 
as seen in the development ofEBSN is up to the researchers judgement, a problem not 
uncommon with the use of qualitative assessment. Those involved in the investigations 
were not entirely convinced that the effect of these Nl4 + salts are consistent with 
EBSN development and appearance in the field. One important question here is, if 
Nl4+ is the mechanism of damage, why in the field are their no reports ofEBSN cause 
by the development of an abscission zone? 
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4.4.3 Alpha-Ketoglutarate 
Ammonium salt incubation experiments on grapevine tendrils (Jordan, 1989) and on 
one node cuttings (Gu et aI., 1994) reported reductions in EBSN and flower tissue 
NH/ levels when KG was included in these treatments. Jordan (1989) also noted 
increased free amino acid and glutamate concentrations in tendril tissue when KG was 
added to ~ + salt treatments in comparison to straight ~ + salt treatments. These 
reports all support the concept that the addition of KG activates ammonium 
assimilation via the GS/GOGAT pathway. 
In experiment 5 the addition of KG to ~N03 or CNRI)2S04 treatments however 
generated dramatically different results to reports by Jordan (1989) and Gu et at. 
(1994). Cuttings incubated in KG, or in KG~N03 or KG/CNRI)2S04, treatments 
exhibited higher levels of FL and LN in comparison to the control and straight ~ + 
salt treatments, respectively (see figures 4.5 and 4.6). Floret loss levels increased 
consistently with time, KG concentration, and ~ + concentration, with the worst 
severity's seen with the use of"NilJN03 as opposed to (NH)2S04 (see figure 4.8). 
Due to the reduced KG treatment concentrations used in experiment 5 compared to 
Jordan (1989) and Gu et at. (1994) (20 and 60 mM as compared to 80 and 330 mM 
respectively), and the fact that this experiment was performed over 120 hour period as 
opposed to a 48 hour period (Gu et aI., 1994) could suggest that the KG 
concentrations used were inadequate to satisfy the cuttings over this period. This 
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theory is however inconsistent with results obtained for ~ + salt/KG combination 
treatments, where FL levels were consistently higher than straight ~ + salt 
treatments. Two further discrepancies with this possibility are; 
• that the ~ + salt concentrations used in experiment 5 were approximately 10 fold 
less than used by Jordan (1989) and Gu et al. (1994), consequently you would not 
expect the cutting to be as demanding for KG as in their experiments, and/or 
• the fact that elevations in FL and LN levels, although non significant, are however 
noticeable with the use of straight KG treatments after 96 hours (see figures 4.5 and 
4.6) in comparison to the water control. This could suggest that KG is actually 
having a toxic effect on the cuttings, as opposed to a beneficial effect. This idea is 
consistent also with elevated FL and LN levels exhibited in cuttings treated with 
~+ salt/KG combination treatments. It could be speculated that a toxicity effect 
due to the interaction and presence of KG, ~N03, ~)2S04, and KOH (used 
for pH adjustment to 6.5) could explain these results compared to those by Jordan 
(1989) and Gu et al. (1994). 
4.4.4 Calcium Chloride 
Jackson and Coombe (1988a) stated that EBSN-like symptoms were induced by spray 
application of CaCh and CaS04 to the inflorescence zone. Results from investigation 
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into the involvement of the Ca2+ in the development of EBSN (experiments 1 to 3) 
noted that the only similarity to EBSN shown by these treatments were the loss of 
florets. 
Cuttings incubated in 10, 20, and 30 mM CaCh exhibited low levels ofFL (see figure 
4.4). Floret loss was due to the development of an abscission zone, either at some 
point along the pedicel, or lateral of the bunch. As FL due to EBSN is caused by the 
necrotic degradation of bunch tissue, the inclusion of Ca2+ as a possible causal agent of 
EBSN cannot be made. 
As seen with the ~+ salt and ethephon treatments, FL levels were elevated while FB, 
IB, and LN levels were low, however once FB, IB, and LN levels increased FL levels 
decreased dramatically. This further supports the inclusion of a necrotic parameter. 
4.4.5 Ethephon 
The visual symptoms obtained from the use of ethephon were consistent with those 
described by Jackson (1991), where EBSN development and appearance induced by 
ethephon was termed 'indistinguishable' from that observed naturally occurring. EBSN 
was observed as originally described by Jackson and Coombe (1988a) with FL due to 
the development of a necrotic zone at the base of usually the pedicel, or on some other 
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part of the bunch tissue. Again the diagnosis of EBSN-like symptoms can be made 
with the use of qualitative data (see figure 4.3). 
EBSN was observed in the 0.1 and 1 mM treatments, and EBSN-like symptoms were 
observed in cuttings treated with 1 0 mM ethephon. Physical damage occurred to 
cuttings in the 100 mM ethephon solutions. 
Apart from exogenous application of ethephon, no other investigations have been 
made into the role of ethylene in the development of EBSN. The possibility of an 
interaction between ammonium accumulation, or plant stress events and elevated 
ethylene levels has been speculated (Feng and Barker, 1992a; Barker and Corey, 1991) 
Following these reports experiment 4 measured ethylene emission levels from 
inflorescences following the incubation of one node cuttings in ~N03, ~hS04, 
CaCh, KG, and ethephon treatments. 
Ethylene levels recorded for inflorescences from ~N03, ~)2S04, and CaCh 
treatments were low for all assessments (see figures 4.9 and 4.10). This suggested that 
their is no evidence to support the theory that high cellular ~ + or Ca2+ levels initiate 
significant increases in ethylene production by the inflorescences. However there is 
also no evidence to disregard the possibility that increased ethylene levels are the cause 
of high tissue ~+ or Ca2+ levels. 
For inflorescences derived from the KG and ethephon treatments, significant levels (p 
< 0.05) of ethylene were recorded at 24 hours, at which time a drastic rise in 
110 
production was noted. At 16 and 20 hours rates were still high in comparison to the 
~+ and Ca2+ salt treatments 
With the addition of KG it was hypothesised that ethylene levels would be reduced in 
comparison to the control, due to the benefit of a carbon skeleton in a time of stress. 
The most obvious reason for an opposite effect occurring as detailed would be due to 
KG addition initiating a toxic effect, as ethylene is a well known stress hormone. This 
possibility would tie in well with results found in experiment 5 where increased damage 
was observed with the addition of KG to cuttings. 
Ethylene readings for inflorescences from ethephon treatments generated the results 
expected. The exponential trend expressed in figure 4.11 suggests that ethylene 
production follows ethephon treatment concentration consistently. 
4.3.6 General Discussion 
The results from this research program clearly contradict the results obtained in 
experiments by Jordan (1989) and Gu et al. (1994) with respect to the use of 
exogenous ~ + salt application treatments, and the addition of KG as a carbon 
substrate. Interpretation of these results suggest that the environmental conditions in 
which experiments were performed were 'largely responsible. The two main factors 
responsible appear to be light and temperature. 
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Experiments 1, 2, and 3 were performed in controlled growth environment cabinets. 
Treatment effects on 10, 20, and 30 mM NRtN03 and 5, 10, and 15 mM ~)2S04 
were exhibited within 48 hours. However the movement of experiment 5 to the 
glasshouse delayed the development of the same treatment effects until 120 hours. The 
main experimental environmental difference between experiments 1, 2, and 3 in 
comparison to experiment 5 was light intensity (170 J.lmollm2/s compared to 1400 
J.lmol/m2/s). 
The difference between growth environment temperatures used in experiments 1, 2, 
and 3 compared to experiment 5 were minimal (15/21 °C compared to 16/25 °C (day 
night)). However experiments carried out by Trought (1996, pers. comm.) in 
controlled growth environment cabinets at the same light level showed that cuttings 
maintained at 15°C showed no visible damage due to EBSN, compared to cuttings 
maintained at 25°C, which exhibited high EBSN severity. 
Results from experiments suggests that varying the light and temperature level by 
moving the experiment to the glasshouse decreased the cuttings sensitivity to EBSN or 
EBSN-like symptoms. This could be due to: 
• Changes in reserve carbohydrate level and other secondary energy reserves. 
• Photosynthetic activity changes in the leaves, stems, or inflorescences. 
• Changes in respiration rate and efficiency. 
• Changes in treatment solution uptake rate. 
• Changes in the assimilation and general detoxification processes of the cuttings. 
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• Variations in acclimation responses and timing of acclimation events. 
Therefore one of the problems associated with data comparison between experiments 
within and between research organisations appears to be . __ " due to 
the experimental environments used. Therefore considering the 
possibility of reduced vine carbon status being central to processes in the development 
of EBSN, consistency in experimental environments _ 'I~ - J imperative. Especially for 
co-operative progress between research institutions dedicated to furthering our 
knowledge into the disorder EBSN. 
The results from the ethylene production investigations did not support the hypothesis 
that ethylene biosynthesis and elevated tissue ~ + levels are related events in the 
bunch tissue. However results do not dispute the possibility that ethylene is involved in 
the development of EBSN. Interpretation of the ethylene measurements suggests one 
of three possibilities: 
1. That ~+ is not involved in the development ofEBSN. 
2. That ethylene is not involved in the development ofEBSN. 
3. That the experimental protocol used was inappropriate for investigation objectives. 
The fact that those in the research program did not interpret any of the ~ + salt 
treatment effects as EBSN confidently, suggests that ~ + may not be involved in the 
development of EBSN. If this is the case then the findings from ethylene production 
assessment support this scenario. However results from investigations by Jordan 
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(1989) and Gu et at. (1994) strongly support NH/ involvement in the development of 
EBSN. Although the validity of many of their results are subject to the compatibility 
between the symptom definitions for EBSN as compared to IN. 
The possibility that ethylene is not involved in the development of EBSN is not 
supported in any way by these investigations. Those involved in the investigation 
stated confidently that the damage induced by exogenous application of ethephon was 
EBSN. In addition ethylene production results for inflorescences derived from 
ethephon treatments further support ethylene's involvement in the development of 
EBSN. 
The possibility that the protocol used for ethylene production assessment was 
inappropriate to satisfy the objectives of this investigation is possible. This could be 
due to the fact that ethylene measurements were made following initial treatment 
damage. Consequently a measurement of ethylene production over the time of 
treatment incubation may better serve investigation objectives. 
Interpretation of the ethylene production results for inflorescences derived from KG 
shows treatments shows one further point of interest. High and significant levels of 
ethylene production for all the KG treatments in experiment 4 (see figure 4.11) 
supports the suggestion that KG is in fact having a toxic effect on treated cuttings 
(experiment 5). This is supported by the fact that toxic damage to plant tissue often 
results in increased ethylene synthesis (Alscher and Cummings, 1990). 
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Chapter 5 
Conclusions 
From this investigation into the role ofNH/, Ca2+, and ethylene in the development of 
EBSN in Vilis vinifera L. c.v. 'Cabemet Sauvignon' the following conclusions are made: 
1. Incubation of cuttings in ethephon concentrations of 0.1 and 1 mM induced significant 
levels ofEBSN. 
2. Incubation of cuttings in 0.1, 1, and 10 mM ethephon significantly increased ethylene 
production by excised grape inflorescences. 
3. Incubation of cutting in 10, 20, 30 mM ~N03, 5, 10, 15 mM (NRt)2S04, and 10, 
20, 30 mM CaCh induced only 'EBSN-like symptoms'. 
4. Incubation of cuttings in ~N03 or (NRt)2S04 treatments did not significantly 
influence ethylene production by the excised inflorescence. 
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5. Incubation of cuttings in CaCh treatments did not significantly influence ethylene 
production by the excised inflorescence. 
6. Incubation of cuttings in 0.1, 1, and 10 mM a-ketoglutarate induced no significant 
reduction in EBSN or EBSN-like symptoms. 
7. Incubation of cuttings in 0.1, 1, and 10 mM a-ketoglutarate treatments significantly 
increased ethylene production by excised grape inflorescnces. 
The above conclusions clearly support the involvement of ethylene in the development 
of, and manifestations associated with, EBSN. The involvement ofNH/, Ca2+, and a-
ketoglutarate however remains unclear. Consequently a pathway for the development 
ofEBSN cannot be made. 
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Appendix 1 
Preparation of Mullins Plants 
Cuttings of Vitis vinifera L. cv. Cabernet Sauvignon were placed in sand-beds and 
heated to an average of 22°C root-zone temperature in Lincoln Universi~ propagation 
house. 
One week post-budburst when sufficiently rooted they were transferred to 12.5 cm pots. 
Potting compost contained 3-4 month nursery potting mix made up of 80% bark, 20% 
washed crusherdust, and 3-4 month 'Osmocote' (NPK=15:4.8:1O.8). Once potted they we.tt.. 
transferred to the glasshouse. The glasshouse used transmitted ( .. %) of ambient light and 
maintained air temperatures of between 16 and 25°C. From this point the grapevines 
were treated by the technique described by Mullins and Rajasekaren (1981) to enable 
them to retain their inflorescences. One week pre-anthesis these Mullins grapevines were 
excised at the base, placed in water and promptly transferred to the laboratory. 
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Appendix 2 
Ethylene determinations 
A Pye Unicam Series 204 Chromatograph (GDX-502, mesh 60-80 column set, nitrogen 
as the carrier gas, and a flame ionised detector) was used to record ethylene levels. 
Injection of samples was via a 2CM.3 syringe with a separate syringe being used for each 
treatment. 
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